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Announcement of Our 
New Location 


In making the announcement that we have moved our office 
and factory to 17-23 North Desplaines St., Chicago, we wish 
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equipment and methods that will enable us to render better 
service and to take care of increasing business. 
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Quality is the Life of the Dairy Industry 
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Dairy Products will fail unless Quality is Maintained. 
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their butter fresh and unadulterated, their ice cream 
rich and wholesome. Men whose palates are immune 
to any but the crudest shades of food-tastes, can always 
recognize good butter and cream, as such. 

Dairy products constitute a most important Ameri- 
can food. 


What does this mean to producers of dairy products? 

It means that the way to larger markets and greater 
unit consumption is through the door of Quality. 

Any co-operative scheme for expanding markets,— 
any advertising collaboration that does not have 
Quality as a watchword is doomed to failure. 

Poor Quality Dairy Products can never hope for 
sustained success. 

Quality milk, Quality butter, Quality ice cream, all 
depend on the Quality of milk coming from the farmer. 
The sanitation scheme of his farm is almost as impor- 
tant a factor in maintaining Quality in Dairy Products, 
as are the sanitary precautions taken in the milk plants. 
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Who will deny that the B-K plan is a definite step 
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Many noted authorities concede the efficacy of our 
method. 


The officials of one of America’s largest cities have 
adopted our plan after numerous tests. 


Write for Bulletin 320-A, which explains the part B-K | 
plays in Dairy Sterilization 
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Madison, Wisconsin 
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EXTENSION ACTIVITIES AND THEIR RELATION TO 
THE COLLEGE AND THE EXPERIMENT STATION 


A. A. BORLAND 
Dairy Husbandry Department, State College, Pennsylvania 


Received for publication March 15, 1923 


There appears to be a wide diversity in the relation of the 
extension service to the college of agriculture and the experiment 
station in different states throughout the union. In some in- 
stitutions the authority is decentralized so that the duties of 
the dean of the college of agriculture, the director of the experi- 
ment station, and the director of the extension service are vested 
in as many different persons. Likewise supervision of the 
resident instruction and the experimental work in dairying is di- 
vorced to a considerable extent from that of the dairy extension 
activities, although in practically all cases the teaching of the 
extension work is expected to be in accord with that of the resi- 
dent instruction. 

In other states the authority is centralized and the dean of 
the college of agriculture is the director of the experiment station 
and also the director of the extension service. He may be assisted 
by a vice-dean of the college of agriculture, an assistant director 
of the experiment station and an assistant director of the ex- 
tension service. Where the authority is thus centralized the 
head of the dairy husbandry department is responsible for the 
teaching, the investigation and the extension work in dairying, 
so that the department is the unit for these various lines of 
activity. The head of the department makes recommendation 
for the appointment not only of instructors and investigators 
but also of extension specialists. The latter are attached to 
the various departments in exactly the same way as teachers 
and investigators. The head of the department supervises the 
planning of the extension work, keeps the extension workers in 
touch with the research work and has general control except for 
administrative matters such as finances and the itinerary of the 
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men. Between these two forms of organization there are a 
considerable number of combinations. 

Which of these types of organization is best or whether any 
one type is best is difficult to say. Each plan seems to be 
working well in the particular States where it is in use although 
some members of the staff in certain States have stated frankly 
that they believe a different form than that now in use in their 
State would be an improvement. I shall bring to your atten- 
tion some of the thoughts that have been expressed concerning 
the advantages of the various forms of organization and I trust 
that the consideration of the whole subject will be helpful in 
enabling us to render the best possible service to the people of 
our respective States. 

Those who favor a separate organization for carrying on the 
agricultural extension work of the state, wherein the different 
lines of activities such as dairy husbandry, animal husbandry, 
agronomy, and horticulture are headed by extension specialists, 
responsible to the head of the resident instructional and ex- 
perimental work only in that the teaching in the field is to be 
in accord with that of the department, feel that the departmental 
head who already is dividing his time between teaching and 
research cannot advantageously divide his time and effort still 
further in order to give attention to a line of work that is differ- 
ent and distinct from those already under his direction. 

Furthermore, the director of extension should feel the re- 
sponsibility for seeing that the maximum amount of work is 
performed by the specialists in the different lines, and on their 
part the specialists will take a greater interest in their work and 
will be likely to get better results if they plan and direct the 
work and are held responsible for it than if some one less closely 
associated with the work directed it. 

If the animal husbandman, the dairyman and the agronomist 
had the direction of the specialists in these lines, the extension 
director might find difficulty in accomplishing the special things 
he has in mind. They might differ in their opinion as to what 
lines of work should receive increased attention. A particularly 
ambitious man in one line of work might want most of the funds 
available put into his projects. 
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The resident teaching staff is not able to keep so closely in 
touch with the problems of the field as the extension specialists 
themselves. The latter consequently are in better position to 
plan and put across a strong program of work in the field than 
are the resident instructors. 

As one director puts it: 


Extension work must be projected in a community, county, or in the 
state, with a definite program, based on the agricultural needs of the 
community, county or state, and adapted to the local agricultural 
needs and home life of the community. In other words, this program 
must get closer to the needs of the respective communities of the State. 
In developing this program, the farm and farm home must be considered 
more and more as a unit, and the various lines of work so correlated 
as to make the farming and home life of these farms more profitable. 
Therefore, each line of work must have its proper place in the farm 
management scheme of the individual farm or the social and economic 
welfare of the community. In times past extension work has been 
largely projected by individual demonstrations in dairying, livestock, 
fruit growing, potato growing, etc., said demonstrations being con- 
ducted on farms and in communities, without any relation to each 
other. This form of demonstration work while it was helpful and 
a necessary step in the development of extension work that would 
have to be undergone to bring extension work to its present level, has 
profitably served its purpose: But the time has come when the farm must 
become the demonstration unit, and these varied lines of work correlated 
into a farm management program for the particular farm or community. 
For example, assuming that we were going to develop beef cattle produc- 
tion in a certain community or on a certain farm, this would naturally 
appear to be an animal husbandry project. However, there must be 
forage and feed crops for these cattle, and the agronomist must assist 
in developing the program. It would be hard to say which is the more 
important: the animal husbandman or the agronomist—both are 
equally essential. Then, there may be a marketing problem which 
involves the help of a marketing specialist, and so on with other special- 
ists which would enter into the development of this particular program. 

Now, the extension director can visualize the program in a community 
or county, and correlate these various lines far better than the head of 
a departmental unit. Furthermore, it is a whole lot easier to correlate 
& group of specialists who are responsible to one head than it is for a 
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superintendent of extension to correlate the work of heads of depart- 
ments who are not responsible to him, but rather are responsible to 
the dean of the college of agriculture or the director of the experiment 
station. Furthermore, the head of a departmental unit is by the very 
nature of the work largely interested in his particular subject and 
unconsciously is bound many times to be onesided and look at things 
with this kind of viewpoint. Often he is not thinking in terms of an 
agricultural program as a whole, but rather a part of it, and there is 
the possibility that due to his interest in his own particular line of work 
and his desire to see it developed, he may sell to a community or county 
something which they ought not to have, and which really does not 
fit into the community or county program. We have this happen 
periodically with specialists who are over-zealous in their work; they 
get out in counties and attempt to put over some particular piece of 
work for which the county or community is not specifically adapted, 
but which the people can readily be talked into wanting. Of course, 
such a project fails. 

Then, too, many of the heads of our departmental units are research 
men or resident teaching men, whose work has kept them closely at 
the college or experiment station, with the result that they have not 
been out over the state much and do not know either the people or 
the agricultural needs of the state nearly so well as some head of an 
extension division whose business it is to be in touch with the people 
of the State and to be informed by personal contact with the agricultural 
needs of the various sections of the state, counties, and communities. 
It is my firm belief that no head of a department, either a research 
man or a resident teaching man, can develop a state-wide, constructive 
policy along his line of work unless he has had an opportunity for 
traveling the state and knows the practical needs of the various counties 
and communities. Therefore, his programs are not going to be as 
close to the people as we think necessary to make them practical. 
Extension work must get closer to the real needs of the people. This 
not only means that the subject matter presented to them must be 
more practical and adapted to their immediate needs, but also that 
the contacts must be closer and particularly the contacts of those who 
form the developmental policies of the respective lines of work carried 
on in various counties over the state. 


Those who believe that the various departments of the col- 
lege should have the three functions: teaching, research and 
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extension, and that the purely administrative matters such as the 
making up of schedules, the supervision of financial matters and 
the arrangement of conferences should properly be handled by 
the extension director base their claims on the fact that such a 
plan brings the workers of all phases of a certain activity together 
under one leadership which makes unity of teaching, promotes 
harmony and eliminates many of the problems of competition. 

This arrangement keeps the extension men in close touch with 
the work that is being done in the department and keeps those 
in resident work in close touch with what is being done through- 
out the state. Neither has to depend on occasional conferences 
since by officing and working together they are constantly in 
touch with one another. An important part of the extension 
man’s work is to carry out to the-people on the farm the results 
of investigations in the department. This can better be done 
by having the extension specialist a member of the department 
rather than of a separate organization. 

One director states: 


This institution has taken the position that resident teaching, exten- 
sion teaching, and experiment station work are all phases of the same 
large problem, that of agricultural betterment. We have been in- 
clined to believe that it is wise to have the college and experiment 
station staff in actual contact with the people of the state and their 
problems, and for this reason we have not been inclined to build up 
a large and independent body of extension specialists. We have, 
of course, had a few, but our feeling now is that even those, in 
most instances, should have a definite college and experiment station 
connection. 

The idea that the extension specialists can carry out, second hand, 
the so-called “bottled information” of the college and experiment 
station to the people and bring back and turn over, second hand, the 
problems which should be investigated by experiment station workers 
may be right in theory, but in practice it works out decidedly to the 
disadvantage of the college and experiment station workers who are, 
after all, and must always remain, the substantial sources of information 
for extension teaching. 

With all these facts in mind, we are, as far as practicable, asking 
our heads of departments to be responsible for resident teaching, for 
extension teaching and for investigation. 
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Another director adds this comment: 


We have here only one and not three departments for any one sub- 
ject. The plan has worked exceedingly well thus far and is a great 
improvement over the old arrangement where each division was prac- 
tically independent. Under such a system it was impossible to secure 
uniform teaching. 

We have stated conferences each quarter, at which all college, 
station and extension workers are present. All questions of college 
policy are threshed out at these conferences and there are also frequent 
discussions relative to what constitutes sound advice to the farmers of 
the state. The organization being departmental there is every oppor- 
tunity for the college, station and extension workers within a department 
to keep in thorough touch with each other. 


There is evidently much to be said in support of each type of 
organization and it may be added that the testimony from each 
of the forty-eight states is that the type of organization prevail- 
ing in that state is working well. As nearly as the writer can 
judge the following states, twenty-seven in number, carry on the 
extension work largely independent of the teaching and research 
heads except for an advisory capacity and the supervision of 
subject matter: Arkansas, Delaware, Florida, Georgia, Idaho, 
Kansas, Louisiana, Maine, Maryland, Minnesota, Mississippi, 
Nebraska, Nevada, New Hampshire, New Jersey, North Dakota, 
Oklahoma, Oregon, Pennsylvania, Rhode Island, South Dakota, 
Tennessee, Texas, Utah, Vermont, Washington and Wyoming. 

Those in which the extension work, save for administrative 
matters, is handled largely within the several departments so 
that each department is the unit for teaching research and ex- 
tension are twenty-one in number, as follows: Alabama, Arizona, 
California, Connecticut, Colorado, Illinois, Indiana, Iowa, Ken- 
tucky, Missouri, Montana, Michigan, Massachusetts, New York, 
New Mexico, North Carolina, Ohio, South Carolina, Virginia, 
West Virginia and Wisconsin. 
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METHODS EMPLOYED IN INFORMING EXTENSION WORKERS OF 
RESULTS OF EXPERIMENTAL WORK IN PROGRESS AT THE 
EXPERIMENT STATIONS 


One of the dangers of extension work is that on account of the 
large demands for service in the field, meetings, conferences, 
demonstration work and the like, the extension worker finds but 
little time for reading and for keeping up to date concerning the 
results of the most recent investigations in his line of work. The 
extension worker cannot afford either for his own sake or for 
that of the people he serves to neglect keeping himself abreast 
of the times. Most extension directors specifically suggest that 
the specialists spend at least one day per week at headquarters 
for the purpose of conferences, office work and the keeping in 
touch with the latest developments in their respective lines of 
work either at their own experiment station or through the 
bulletins issued by other stations. 

Some of the suggestions that have been made as to how the 
extension workers could best keep well informed are as follows: 

Weekly departmental conference, at which time all members 
of the department, including station workers, college workers 
and extension men are are called in. At this time each division 
reports any progress of work in the department and the extension 
man reports any progress that is made in his work throughout the 
State. 

The presentation of the experimental work in detail by the 
director of the experiment station before the extension staff 
yearly, or oftener. 

The location of the extension men with the department in 
which they do their work. 

The publication of a weekly agricultural news letter. 

One institution expects the extension workers to remain at 
the college one week out of three. This gives them an oppor- 
tunity to get in touch with the experimental work in progress 
and to keep in close association with those who are engaged in 
teaching and in experimental work. 

In certain institutions the entire extension force visits the 
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different departments every two or three months. The head 
of the department presents the projects and tells of the progress 
being made in the various experiments under headway. 

Special meetings are held at times when the experiments can 
best be inspected and lessons drawn from the work in progress. 
In Ohio a wheat day was held, when the matters of crop rotation, 
varieties and fertilization were discussed. The crops were in 
such a stage of maturity that lessons could best be drawn. 

In some states a monthly news letter is sent out to the county 
agents and the extension representative. These write-ups give 
account of the experimental work in progress and afford oppor- 
tunity for the resident instructional and experimental staff to 
place before farmers the latest results and lessons from experi- 
mental investigations. 


KEEPING COLLEGE AND EXPERIMENT STATION WORKERS INFORMED 
AS TO THE PROBLEMS AND CONDITIONS IN THE STATE 


College teachers and those engaged in research are just as 
likely to grow stale in certain directions as the extension worker. 
The local character of teaching and experimental work with 
the consequent lack of opportunity to get into first hand touch 
with the people of the state and their problems makes the teacher 
and the investigator constantly dependent on the extension worker 
for knowledge of the actual situation in the field and of the most 
pressing problems that call for investigation. 

Many of the directors of experiment stations and extension 
service as well as heads of departments feel that where the de- 
partment is the unit for the three lines of work and the extension 
workers are located with the department the organization itself 
naturally takes care of this problem since the teaching staff, the 
research men and the extension workers are intimately associated. 

Some of the suggestions for keeping those engaged in resident 
work informed as to the situation in the field are the following: 

At the beginning of the year the specialist prepares a plan for 
the year’s work, which after approval by the head of the depart- 
ment, is placed in the hands of the dean of the college of agricul- 
ture. Quarterly reports are made of the work being done by 
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the extension specialists, from which the college can judge of the 
progress made by the extension agents in carrying out the plan 
_of work for the year. 

An attempt is made in some institutions to keep the resident 
workers in touch with extension matters by inviting the subject 
matter heads to take part in extension conferences, when pro- 
grams of work are being formulated. 

Members of the teaching and station staff are frequently 
informed regarding the problems in the state, through occasional 
farm visits and definite assignments to extension work, such as 
judging, demonstration and lecture work. 

In some States the extension service holds a public conference 
every Monday morning, which is open to all those who care to 
attend. In other States these conferences are held once a 
month and the experiment station likewise holds a monthly 
conference to which the extension representatives are invited. 

Copies of annual extension reports as well as various other 
reports are filed in one state with the chairman of the dairy 
department. In the future it is planned to file carbon copies 
for each trip report with him, so that the department may be 
kept posted with all information on field activities up to date. 
In other states a summary of the county agents and extension 
specialists weekly or monthly reports are prepared and sent 
to the college and station workers. 

A unique publication is issued at one institution which con- 
tains statements dealing with teaching, research and extension. 
It represents the interests of the whole institution rather than 
of the extension department solely. The members of the staff 
are thus kept informed as to the progress in the different 
departments. 


DIFFICULTIES 


The problems are not all solved by any means. Many diffi- 
culties present themselves both to the college and experiment 
station workers as well as to the extension workers. The most 
common obstacles in the way of resident work appear to be a. 
lack of money and equipment for teaching and research. The 
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extension man usually runs up against problems which need an 
immediate solution. Usually these problems cannot be solved 
by the experiment station immediately on account of the fact 
that other experiments may already be under headway. College 
dairy herds are not large enough to use on the very extensive 
experiments and this condition cannot be remedied except 
with an enlargement of the dairy activities of the college and the 
experiment station. 

Some of the extension workers feel that the experiment station 
staff is devoting too much attention to problems that have long 
ago been solved either by the people of the state or by other 
experiment stations. In other words, they are running experi- 
ments that are not of present interest to the people. They 
feel that marketing, farm management and agricultural economics 
have not received their just portion of the experiment station’s 
attention and that these are really the important present day 
problems on which they need the most help. 

One criticism of teaching and research work has been that 
the commercial application is limited. In many cases the in- 
dustry cares little for basic findings which bear in a general way 
on the industry. Scientific results are preferred which can be 
immediately applied and which will increase the returns and 
lessen the efforts of the dairy farmers of the state. 

Another of the difficulties from the extension standpoint is 
in obtaining definite and usable information from the subject 
matter departments in such form that it may be used for exten- 
sion meetings. 

Extension work in most states has had more funds available 
than has research or college work. The result has been that 
extension work has out-run the other lines of activity and is 
calling for the solution of problems which the experiment station 
with its present facilities is not in position to undertake. 

The successful teacher and research man is frequently drawn 
upon for so many talks and reports concerning his investigations 
that he finds his research work very much handicapped from 
the point of being able to devote a proper amount of time to it. 
There has been a feeling at times that the extension work gives 
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a better opportunity for acquaintanceship throughout the state, 
and for this reason college men are prone to neglect their resident 
work for some form or other of extension activity. 

Regular class work interferes with extension work and if the 
men are taken out of classes to do extension work this seriously 
handicaps the instruction. 

Men who give all of their time to instructional work some times 
feel that they are not making the progress for themselves that 
the station and extension workers are. 

The director of one experiment station makes the following 
comment: 


All progressive members of our extension staff recognize that station 
research has not been keeping pace with the development of agricul- 
tural extension. The remedy lies in the employment of better trained 
research workers, a greater degree of coéperation in research at our 
institutions and more adequate financial support of station research. 

The difficulties that the college and station workers experience in 
their dealing with extension problems are concerned chiefly with the 
failure of the average extension worker to keep himself posted on the 
progress of agricultural research in this country and abroad. The 
average extension worker does not read and study sufficiently to be 
of the greatest value to his institution and to his constituency. More- 
over, any college or station worker who shows progress in his chosen 
field is promptly appropriated by the extension service and ultimately 
is compelled to neglect his research, and at times even his teaching, to 
meet the needs of the extension service. 


One extension specialist in dairying makes the following 
suggestion: 


My own personal opinion is, after four years’ experience, that the 
future extension man must be first of all an investigator. He ap- 
preciates the problems in a much different way than does the man who 
is solely investigator. Then he must have the additional qualification 
of being able to present clearly to good audiences the results of his and 
of other investigations. Instead of so much lecturing, as he is now 
doing, he will go into the field and find out what the problems are and 
solve them if possible, because primarily the farmer is most interested 
in the solution of his problems. 
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_ The director of extension in another state comments as follows: 


Some of the chief obstacles and difficulties from the extension point 
of view concerning the college and station work are, first, that the 
general agricultural public is not always interested and for that reason 
do not always support the work being done at the College and Experi- 
ment Station. This lack of support, I believe, is largely due to the 
fact that the general public or even the readers in agricultural affairs 


have no part in planning and determining of problems for investigation . 


and research. I believe the way to overcome this difficulty is to 
secure the codperation of all parties concerned before a problem of 
research is undertaken. The parties concerned here consist of the 
experiment station staff, the farmers, and the extension workers. 
These people should get together or their representatives, and discuss 
freely and carefully the problems that are most in need of solution and 
the ones that the farmers are most anxious to have solved. This 
will bring, I believe the interest and support of the farmers. The 
extension workers can assist the experiment station men in maintaining 
the proper contact with the field during the process of investigation. 
The research man will be more likely to keep his work more nearly in 
line with the immediate needs of agriculture and through the extension 
service can make the proper contacts with the farmers. 

Something of the same difficulty obtains on the part of the research 
man with regard to the extension work as obtains on the part of the 
farmer with respect to research work. The investigator must know 
more about the farmers’ point of view and be able to make better 
contacts with the field conditions in order for him to become thoroughly 
cognizant of the position and point of view of the extension workers. 


The general consensus of opinion is that the chief difficulties 
between extension activities and college and station work result 
from the lack of a proper understanding and appreciation of the 
functions of the experiment station, the college of agriculture and 
the extension service. It is suggested that the teaching force, the 
investigators and the extension workers in a particular field of 
activity, such as dairying, have their offices in the same building, 
and that all workers be called together at frequent intervals to 
discuss problems in each line of work so as to promote common 
interest and mutual understanding. 
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Difficulties and misunderstandings may largely be eliminated 
by the employment of a satisfactory personnel in the three lines 
of work, and by establishing and maintaining close personal 
contacts between the different classes of workers. Personnel is 
of especial importance. The best of plans will fail in the hands 
of an inferior personnel, whereas an ordinary plan will be im- 
proved and made to work satisfactorily in the hands of the right 
kind of men. One of the principal qualifications of a satisfactory 
personnel is a sincere spirit and an honest desire to give good 
service and the absence of petty selfishness and over-sensitiveness 
about credit. There should be a mutuality of interests among 
college, station and extension men, each recognizing the function 
of the other and the impossibility of the exercise of any of these 
functions without common sense and wholesome relationship 


‘among the groups. We all need to be imbued with the spirit 


of unselfish public service. 

We need to recognize that teaching, investigation and extension 
are component parts of one great organization for the improve- 
ment of agriculture and that the best way for each of us to get 
the most good from the organization is to do all in his power to 
make that organization a success. 
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The alcohol test is being used to some extent as a test for 
grading milk. The test is usually made by adding 2 cc. of milk 
to 2 ce. of alcohol in a test tube. The test tube is then closed 
with the thumb, inverted several times and examined. If no 
precipitate is formed the test is said to be negative, and if a 
precipitate is formed the test is said to be positive. The strength 
of the alcohol used is usually 68 or 70 per cent by volume. 

When the test first came into use in 1890 it was regarded 
largely as a measure of acidity. However it was soon found 
that fresh milk from individual cows frequently coagulates and 
that the test was dependent upon other factors as well as upon 
acidity. Nevertheless the test was still used for it was thought 
that besides acidity it detected other undesirable characteristics. 
Thus Ernst (1) believed that a positive test of fresh milk was 
due to irritation of the milk glands. Ruhm (2), Rullman and 
Trommsdorf (3), and Campbell (4) claimed that a positive test 
was due to infected or diseased udders. Metzger (5) found 
that infection of the uterus and animals lean from disease caused 
a positive test. Auzinger (6) stated that milk from cows with 
infected vaginas and cows that had aborted was positive to the 
test. Henkel (7), Metzger (5) and Auzinger (6) found that 
colostrum milk influenced the test. 


1 Published with permission of the Director of Wisconsin Agricultural Experi- 
ment Station. 

* The work presented in this paper constitutes the thesis of T. H. Binney, 
submitted in partial fulfillment of the requirements for the degree of Master of 
Science in the graduate school of the University of Wisconsin, 1922. 
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These various causes listed in the literature are only remote 
causes, they are operative only in so far as they affect the chemi- 
cal composition and properties of the milk. As far as we are 
aware the only other direct causes mentioned besides acidity are 
the effect of rennet forming organisms studied by Ayers and 
Johnson (8), and the effect of the milk salts, especially calcium, 
observed by Auzinger (6). 

Thus it is apparent that our knowledge of the direct causes for 
the alcohol coagulation is incomplete. It is the purpose of the 
work reported in this paper to determine the factors influencing 
the alcohol test and to study their relative importance. 


METHOD USED 


In this work both 70 and 75 per cent alcohol by volume were 
used. The alcohol used was distilled in the presence of sodium 
hydroxide to remove any acid which might be present. This 
distilled alcohol was then adjusted to the desired strength by 
the addition of distilled water. The strength was determined 
by means of the Westphal balance. The 70 per cent alcohol by 
volume was adjusted to a specific gravity of 0.8900 at 15°C. 
and the 75 per cent alcohol by volume to a specific gravity of 
0.8773. 

In each case, except where otherwise indicated throughout 
this work, 2 cc. of milk were added to 2 ec. of alcohol in a test 
tube. The test tube was then closed with the thumb, inverted 
several times and examined for the appearance of the precipitate. 
The mixtures were then very carefully examined and on the 
appearance of the slightest precipitate the tests were called 
positive. Any additional methods used in this work will be 
explained when the experiments in which they were used are 
discussed. 


THE EFFECT OF MILK SALTS 


It is a well known fact that electrolytes have a very marked 
effect on the stability of colloids, especially electrolytes that 
yield doubly and triply charged ions on dissociation. In the 
case of milk we are dealing with a colloidal solution of albumin 
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and casein in the presence of the milk salts containing the biva- 
lent calcium and magnesium and the trivalent phosphate and 
citrate radicles. We would expect, then, that the stability of 
the milk proteins would be influenced by the amounts of these 
salts present. Van Slyke and Hart (9) and Van Slyke and 
Bosworth (10) actually found in working with calcium com- 
pounds of casein that the presence of small amounts of soluble 
calcium salts have a very marked effect upon the solubility of 
the casein compounds. 

More recently it has been shown by Sommer and Hart (11) 
that the calcium and magnesium and the citrates and phosphates 
present in the milk have a very marked effect upon the heat 
coagulation of milk, as in the sterilization of evaporated milk. 
It was shown that there is a balancing effect between calcium 
and magnesium on the one hand, and the citrates and the phos- 
phates on the other, the proper balance of these producing the 
most stable condition, an excess of either of these causing the 
milk to coagulate more readily on heating. 

That the milk salts are also of importance in the alcohol test 
was indicated by the work of Auzinger (6). Working with the 
milk from three cows he was able to change the alcohol test from 
negative to positive by feeding each cow 120 grams of calcium 
phosphate per day. However, other investigators have con- 
tinued to give other reasons for the test and as a result have 
either contradicted or obscured Auzinger’s conclusions. 

In order to determine experimentally what effect the various 
milk salts have on the alcohol test they were added to milk in 
varying amounts and the alcohol test applied. Fourth-molar 
solutions of calcium acetate, magnesium chloride, potassium 
chloride, di-potassium phosphate and sodium citrate were pre- 
pared and added to 25 ce. of fresh milk in a series, increasing the 
amounts of the salt solution by 0.1 cc. In each series the dilu- 
tion was equalized by the addition of the proper amount of 
distilled water. The results are given in table 1. Table 1 
shows that 0.2 cc. of m/4 calcium acetate and 0.1 cc. of m/4 
magnesium chloride added to 25 ce. of fresh milk was sufficient 
to cause a positive reaction with the alcohol test. These addi- 
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tions are equivalent to an increase of 0.0112 and 0.0040 per cent 
CaO and MgO, respectively. As high as 0.9 cc. of m/4 potassium 
chloride, di-potassium phosphate, and sodium citrate were 
added to 25 cc. of milk and the milk still gave a negative test 
with alcohol. 

The results show that a slight increase in the calcium or mag- 
nesium content of the milk will cause a positive reaction with the 
alcohol test, while an increase of potassium, sodium chloride, 
citrate and phosphate will not cause a positive test. 


TABLE 1 
Effect of salts on alcohol test 


warer,cc....| 0.9 | 0.8 | 0.7 | 0.6 | 0.5 | 04 | 03 | 0.2] 0.1 0.0 | 

SOLUTION, cc. 0.0 | 0.1 | 0.2 | 03 | 04 | 05 | 0.6 | 0.7 | 08 | 0.9 BY votumE 
m/4 magnesium +l +l +i 4+] 4+) 4] 4+ 75 
ti tl elie iti tl + 70 
-|- 75 
phosphate......... 70 


* Plus and minus signs indicate positive and negative alcohol tests respec- 
tively, under the conditions indicated in the table. 


SALT BALANCE 


In order to determine whether the effects of the milk salts 
on the alcohol test counteract each other in a manner similar to 
the salt balance demonstrated in the heat coagulation, the effect 
of various combinations of salts was studied. 

Table 2 shows the results of the alcohol test on three different 
combinations of salts in varying proportions. Using the same 
fresh milk throughout the experiment three series of samples 
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were prepared. Each series consisted of ten portions of 25 
cubie centimeters each. To each of the samples in all three 
series 0.5 cc. of m/4 calcium acetate was added. This was 
sufficient to make the alcohol test distinctly positive. To these 
three series M/4 di-potassium phosphate, potassium chloride, 


TABLE 2 
The effect of salts on the alcohol test 
05} 05/05) 05/05/05) 05] 0.5 | 05 
TION, cc....| 0.1 | 0.2 | 0.3 | 04 | 0.5 | 0.6 | 0.7 | 08 | 0.9 | 1.0 [BY VOLUME 
phosphate......... +i 7 
2 
potassium chloride(| + 
+i titi} 75 
u/4 sodium citrate... {| * tat. 
* See table 1. 
TABLE 3 


The effect of salts on the alcohol test 


u/4 Mg cHLo- 

u/4 BOLU- PERCENT 

TION, Oc..../ 0.1 | 0.2 | 03 | 04 | 0.5 | 0.6 | 0.7 | 08 | 0.9 | 1.0 

t+] +l +i] +} +} 

potassium chloride, 7 
phosphate......... +i +i 7 
-|-|-|-/| 2 


* See table. 


and sodium citrate, respectively, were added in amounts ranging 
from 0.1 to 1.0 ce. On applying the alcohol test it was found 
that the coagulation caused by the 0.5 cc. of m/4 calcium acetate 
was prevented by 0.5 cc. of m/4 sodium citrate and by 0.6 ce. 
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of di-potassium phosphate. The potassium chloride did not 
counteract the effect of the calcium salt. 

Table 3 shows the results of the alcohol test on three series 
similar to those in table 2. Instead of using calcium acetate to 
cause the milk to become distinctly positive, m/4 magnesium 
chloride was used in table 3. It was found that the coagulation 
caused by the 0.5 cc. of m/4 magnesium chloride was prevented 
by 0.8 cc. of m/4 di-potassium phosphate, and 0.5 cc. of m/4 
sodium citrate, respectively. The potassium chloride did not 
prevent the coagulation caused by the magnesium chloride. 

These experiments demonstrate that the salt composition of 
the milk has a marked effect upon the alcohol coagulation. Small 
increases in the amount of CaO (0.0112 per cent) and MgO 
(0.0040 per cent) cause a positive alcohol test. The effect of 
the calcium and magnesium is counteracted by the citrates and 
phosphates in the milk, so that a positive test with fresh milk 
depends upon the relative amounts of these four salts present 
in it. 

The importance of the salt composition of the milk as a factor 
influencing the alcohol coagulation becomes more apparent 
when we compare the amounts of the salts that will produce an 
effect on the coagulation with the amounts of these salts normally 
present in milk. In the above experiments it was demonstrated 
that an increase of 0.0112 per cent in the CaO content changed 
a negative sample to a positive one. Compare this with the 
normal differences that are found between samples of milk, 
Sommer and Hart (11) in an analysis of 30 different samples 
found the CaO content to vary from 0.132 to 0.210 per cent. 


FEEDING EXPERIMENT 


The effect of the salts on the alcohol coagulation has thus far 
been demonstrated entirely by their addition to various samples 
of milk. The additions of salts which were found effective were 
very small, well within the limits of normal variation of these 
compounds in milk. In spite of these facts there might be doubt 
in the minds of some people because these salts were added and 
were not secreted by the cow as a part of the milk. In order to 
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overcome this objection a feeding experiment was conducted to 
determine what effect the feeding of calcium would have on the 
alcohol test. 

Three heavy producing cows in the middle of the lactation 
period were selected for the experiment. The time of the experi- 
ment was divided into four periods. The first or pre-period 
was an observation period to determine how far from the coagu- 
lating point the milk of the animals was, and to note fluctuations 
. and irregularities in the test. During the second period which 
) was from the eighth to the fourteenth day, 50 grams of calcium 
| carbonate was fed to each animal per day. The third period, 
from the fourteenth to the twenty-second day, the animals were 
i fed 100 grams of calcium carbonate per day. During the fourth 


period, from the twenty-second to the twenty-eighth day, each 
animal was fed 200 grams of calcium carbonate per day. The 
| fifth period immediately followed the feeding of the last of the 
calcium carbonate, up to the time the milk reached the same 
condition as in the pre-period. The basal ration during the 
entire experiment consisted of 14 to 16 pounds of grain mixture 
(500 pounds corn; 200 pounds oats; 200 pounds bran; 100 pounds 
| oil meal) ; 10 pounds of alfalfa hay and 30 pounds of corn silage. 
On the evening of the twenty-fourth day the cows refused to 
eat all of the calcium carbonate. The next day only 100 grams 
were fed. On the twenty-sixth day 200 grams were again fed 
and the feeding continued without any changes in amounts. 

On the basis of the preceding demonstration that the milk salts 
are an important factor in the alcohol coagulation, an attempt 
was made to measure the extent to which a sample was positive 
or negative. If a sample was negative 5 cc. of milk was taken 
and m/20 calcium acetate was added in amounts just sufficient 
to cause a positive test. This amount is indicated in column 3 
of table 4. Similarly, if the sample was positive 5 cc. of milk was 
taken and m/20 potassium phosphate was added in amounts 
just sufficient to cause a negative test. This amount is re- 
corded in column 4 of table 4. The results are more strikingly 
pictured in graphs 1, 2 and 3. 


| 


TABLE 4 


Effect of feeding calcium carbonate on the alcohol test 


oo 
8 
NNANNANN an 
3 3 


183 


= 


184 H. H. SOMMER AND T. H. BINNEY 


TABLE 4—Continued 


cow 
Alice Bud Doll 
3 3 
ge | 3 | | | | | 
| 8 | skis | 
ja 
200 grams Ca carbonate per day 
ce. ee. ce. ce. cc. ce. 
+ 0.7); + 0.6; + 1.3 
+ 0.6; + 0.6; + 0.8 
+ 06) + 0.6; + 0.7 
March 14.......... + 06; + 1.0; + 0.7 
Marek 16: ......... + 0.7; + ? + 0.8 
+ 08) + 0.7); + 0.8 
Normal period 
bine + 0.8; + 0.8) + 0.7 
+ 0.7) + + 0.7 
March 19.......... 0.7); + 0.8); + 0.7 
+ 0.5) + ? + 0.6 
Maret ....5... + 0.4) + 0.6; + 0.5 
+ + 0.3) + 0.1 
March 24.......... _ 0.2 = 0.2 - 0.1 


It is not to be inferred that the change in the composition of 
the milk can be calculated directly from the amount of m/20 
calcium acetate and m/20 di-potassium phosphate added in the 
above manner. This procedure was used merely as a convenient 
measure of the degree to which the alcohol test was either 
negative or positive. That there actually was no appreciable 
increase in the total amount of calcium oxide in the milk as the 
result of feeding the calcium carbonate is shown in table 5. 


RELATIVE IMPORTANCE OF THE EFFECT OF ACIDITY AND OF 
THE MILK SALTS 


The relation of the acidity to the alcohol test has received 
much consideration, and the assumption at first was that the 
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alcohol test was a good measure of the acidity. However it 
has been shown by a number of investigators that there is no 
strict parallelism between the alcohol text and the acidity. 
Dahlberg and Garner (12) found that the results of a study of 
211 samples of milk “showed conclusively that there is no direct 
relation between coagulation of milk with 75 per cent alcohol 
and the acid content of the milk as measured by titration.” 
This lack of agreement between the alcohol test, acidity, and 
also the bacterial counts, is most strikingly demonstrated in the 
results of Ayers and Johnson (8). Thirty-five samples of raw 
market milk ranging in acidity from 0.14 to 0.32 per cent and in 
bacterial count from 2100 to 21,200,000 per cubic centimeter 


TABLE 5 
The effect of feeding CaCO; on the CaO content of the milk 


PERIOD ALICE BUD DOLL 


per cent CaQ per cent CaO per cent CaO 


50 grams CaCO; per day................ 0.184 0.170 0.157 
100 grams CaCO; per day............... 0.187 0.174 0.158 
200 grams CaCO; per 0.186 0.175 0.155 


were alcohol positive to 75 per cent alcohol while 142 samples 
with acidity ranging from 0.09 to 0.19 per cent and bacterial 
counts from 2000 to 19,600,000 were alcohol negative. From 
their results they “believe that there is no definite relation 
between the alcohol test and the bacterial count, except in 
special cases where the bacteria have developed to a point where 
there is sufficient acid produced or where rennet-forming bacteria 
have acted sufficiently to influence the test.” Ayers and John- 


son (8) attempted to account for these wide discrepancies by 
pointing out (a) that in the early stages of bacterial growth 
the development of acid and rennin-like enzymes is very slow 
in proportion to the bacterial growth, (b) that there may be 
inert bacteria present that may contribute to the bacterial count 
without contributing to the acidity, (c) that there may be other 
bacteria present that develop but do not affect the alcohol 
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coagulation. This explanation seems inadequate to account 
for the wide discrepancy which they observed, the bacterial 
count in 142 alcohol negative samples ranging from 2000 to 
19,000,000 per cubic centimeter. Moreover, this explanation 
cannot possibly account for their results in which out of 35 
samples of raw milk that were alcohol positive, 10 samples 
had bacterial counts ranging from 2100 to 67,000 per cubic 
centimeter. In these cases, in the light of their explanation, 
there certainly could not have been sufficient change produced 
by the bacteria to cause a positive alcohol test, nevertheless, the 
tests actually were positive. 

These discrepancies can easily be accounted for if we take into 
consideration the effect of the milk salts. In order to determine 
experimentally the relative importance of the effect of the milk 
salts and the effect of acidity the following experiment was 
conducted: 

A sample of milk was divided into two lots. One lot was kept 
sweet; to the other lot a small amount of starter was added and 
it was allowed to develop an acidity of 0.42 percent. By mixing 
these two lots of milk in proper proportions three series of milk 
samples were prepared, each series ranging in acidity from 0.12 
to 0.38 per cent. Twenty cubic centimeters of the milk was 
placed in each beaker of three series. The first series was allowed 
to remain normal; 0.1 cc. m/4 calcium acetate (equivalent to 
0.007 per cent CaO) was added to the second, and 0.1 cc. m/4 
potassium phosphate (equivalent to 0.0088 per cent P,O;) was 
added to the third. The milk was then tested with the alcohol 
test and the results tabulated. 

As shown in table 6 normal milk became positive to the alcohol 
test when the acidity had reached 0.26 per cent. The milk to 
which calcium acetate had been added became positive at 0.20 
per cent acidity; and the milk to which potassium phosphate 
had been added did not become positive until the acidity had 
reached 0.30 per cent. 

The results of this experiment show: 

1. That acidity affects the alcohol test. 

2. That the effect of the acidity and the salts are additive. 
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3. That 0.0070 per cent CaO is equivalent to an increase in 
acidity of 0.06 per cent. 

4. That 0.0088 per cent P.O; is equivalent to a decrease in 
acidity of 0.04 per cent. 

From this we can conclude that the effect of the milk salts is 
of such importance that it can easily account for any lack of 
correlation between the alcohol test, acidity, and bacterial 
counts. 


TABLE 6 
Relative effect of the acidity and of the milk salts on the alcohol test 

20 co. MILE 20 cc. u/4 Ca 
Alcohol test Alcohol test Alcohol test 

Acidity Acidity Acidity 

75 per cent)70 per cent 75 per cent/70 per cent 75 per cent|70 per cent 
0.20 0.20 + - 0.20 
0.22 0.22 + + 0.22 
0.24 0.24 + + 0.24 
0.26 + 0.26 + + 0.26 
0.28 + + 0.28 + + 0.28 = - 
0.30 + + 0.30 + + 0.30 + - 
0.32 + + 0.32 + + 0.32 + + 
0.34 + + 0.34 + + 0.34 + + 
0.36 + + 0.36 + + 0.36 + + 
0.38 + + 0.38 + + 0.38 + + 
* See table 1 


INFLUENCE OF THE ACTION OF RENNET 


The action of rennet has been studied as one of the factors 
which influence the alcohol test. Ayers and Johnson (8) tried 
the effect of prepared rennet and rennet of bacterial origin on 
the test. 

In this work two experiments were also conducted. First, the 
action of prepared rennet was tried. Rennet was added to 
six flasks of fresh milk to form dilutions ranging from 1 part of 
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rennet to 25,000 parts of milk, up to 1 part of rennet to 150,000 
parts of milk. For the first fifteen minutes the milk in each 
flask was tested by the alcohol test at intervals of five minutes. 
At the end of that period the milk was tested at intervals of 
fifteen minutes until the milk in each flask became positive. 

An examination of table 7 shows that the flask of milk of the 
lowest dilution was first to show a positive test, the time being 
thirty minutes. The flask of milk of highest dilution became 
positive in one hundred and eighty minutes. 

It is evident that rennet will produce changes in milk which 
will cause a positive test. The amount of rennet and the time 
it is allowed to act are determining factors. The acidity of the 


TABLE 7 
Influence of prepared rennet on alcohol test 


TIME IN MINUTES 0 5 10 15 30 45 60 90 120 


Alcohol (per cent by volume) 75 |70| 75} 70) 75| 70| 75 | 70} 75 | 70 | 75 | 70 | 75 | 70 | 75| 75| 70 


|e 


| 


++++++ 


++4+111 
++4+4 11 


* See table 1. 


milk did not increase sufficiently to affect the test in the short 
time the experiment was run and therefore can be disregarded. 

In order to determine the importance of the rennet forming 
organisms as a factor influencing the alcohol test, an experiment 
was conducted in which sterilized milk was inoculated with a 
culture of a rennet forming organism. 

Ayers and Johnson (8) had carried on several similar experi- 
ments in which they inoculated sterilized milk with a rennet 
forming organism and determined the bacterial count at the 
time the alcohol test became positive. They found that as 
high a count as 9,000,000 and 15,000,000, per cubic centimeter 
was required before the milk became positive. As a measure 
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of the relative importance of rennet forming organisms as a 
cause for the alcohol test, their experiment is open to criticism; 
it does not take into consideration the fact that heating the milk 
removes it farther from the coagulating point. 

Auzinger (6) found that milk which gave a positive test at 
15°C. sometimes did not give the test after it had been heated 
for thirty minutes at 60°C. Ayers and Johnson also investigated 
the effect of heat on the alcohol test and found that milk which 
had been positive frequently was negative after it had been 
heated. 

No explanation has been offered for this change from positive 
to negative as the result of heating. This change can now 
readily be explained on the basis of the effect of the milk salts. 

It has been demonstrated by numerous investigators, Sold- 
ner (13) Boekhout and De Vries (14), Purvis, Brehaut and 
McHattie (15), and Grosser (16), that when milk is boiled a 
precipitation of a portion of the calcium phosphates occurs, the 
amount of precipitation being proportional in general to the 
degree and duration of heat applied. 

Since small amounts of calcium will cause a positive test, a 
reduction in the soluble calcium as a result of the heating can 
readily account for the change from positive to negative. A 
reduction in the soluble calcium will not only change a positive 
sample to a negative but will make a negative sample even more 
negative. Therefore, conclusions drawn on the basis of work 
with sterilized milk are misleading. 

In order to overcome this objection to the use of sterilized 
milk, an attempt was made to adjust the sterilized milk in such 
a manner that it was negative to the same degree as the un- 

A sample of fresh milk was divided into 200 cc. lots and placed 
in flasks. Twentieth-molar calcium acetate was added to one 
flask until it just showed a positive reaction. The remaining 
flasks of milk were sterilized. To one of the sterilized flasks of 
milk m/20 calcium acetate was now added until the milk just 
showed a positive reaction to the alcohol test. Since some of 
the calcium had been precipitated by the sterilizing process, 
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this heated milk required more m/20 calcium acetate to make 
it positive. The difference in the amounts of m/20 calcium 
acetate necessary to cause a positive reaction in the raw and 
in the sterilized milk indicated how much calcium to add to 
bring the milk to the original position relative to the coagulating 
point. This amount of sterilized m/20 calcium acetate was 
then added to each of the remaining flasks of milk. Each flask 
was inoculated with a pure culture of a rennet forming organism 


TABLE 8 
Influence of rennet of bacterial origin 
m/20 Ca m/20 Ca 
eAMPLE raza ‘To mamounror| Couwrs. 
ce. ec. ce. 
700, 000 
1 200 3.2 8.8 5.6 { 760, 000 
500, 000 
2 200 3.2 8.8 5.6 { 700, 000 
980, 000 
3 200 3.2 8.8 5.6 1, 000, 000 
800, 000 
+ 200 4.8 8.0 3.2 { 690, 000 
1, 100, 000 
5 200 4.8 8.0 3.2 970, 000 
780, 000 
6 200 4.8 8.0 3.2 990, 000 
Average... 200 4.0 8.4 4.4 855, 830 


and then incubated at 37°C. The milk was tested at definite 
intervals, and when the first positive test was obtained, the 
milk was plated on lactose agar to determine the bacterial count. 
The results are given in table 8. 

An average of six samples shows the bacterial count to be 
855,830 per cubic centimeter. These results demonstrate that 
the rennet forming organisms are of greater importance than the 
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results of Ayers and Johnson (8) indicated. However, it is only 
in exceptional cases that the number of rennet forming organisms 
present in milk approaches even the above figure; so that we 
must conclude that the rennet forming organisms are a minor 
factor in the alcohol coagulation. 


DISCUSSION 


The adherents to the alcohol test claim that it depends upon 
factors all of which give undesirable characteristics to the milk, 
such as: (a) acidity, (b) colostrum milk, (c) diseased udders, 
(d) diseased cows, etc. This had generally led to the belief that 
a positive test invariably indicates that such milk is undesirable 

TABLE 9 
Summary of factors influencing the alcohol test 


Salt balance Not undesirable Cannot be eliminated 
Acidity Undesirable Can be eliminated 
Rennet forming organisms Undesirable Can be eliminated 
Colostrum Undesirable Can be eliminated 
Diseased udders Undesirable Can be eliminated 
Diseased cows Undesirable Can be eliminated 


and should be discarded. The question arises as to whether 
or not all milk discarded on the basis of the alcohol test is really 
undesirable milk. On the basis of the results of this ‘investiga- 
tion the question would have to be answered in the negative. 

Our present knowledge of the alcohol test will warrant the 
tabulation of factors as shown in table 9. In this table, for the 
sake of discussion, we may enumerate such factors as colostrum, 
diseased udders, and diseased cows, although these are not 
direct factors, but are effective only in so far as they alter the 
chemical composition of the milk. 

In table 9 the salt balance causing a positive alcohol test is 
listed as “not undesirable.” This statement needs modification 
in the case of milk to be used in the manufacture of evaporated 
milk. By a comparison of the effect of the salts on the alcohol 
coagulation as shown by this study, and their effect on the heat 
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coagulation as found by Sommer and Hart (11) it is seen that 
both the alcohol and the heat coagulation are produced by an 
excess of calcium and magnesium over citrates and phosphates. 
The results of these two independent studies indicate that the 
alcohol test may be helpful in detecting the milk which causes 
the troublesome heat coagulation in the sterilization of the 
evaporated milk. This conclusion is in harmony with the con- 
clusion of Dahlberg and Garner (12) that milk giving a positive 
alcohol test when concentrated into evaporated milk will coagu- 
late more readily than alcohol negative milk. Therefore from 
the standpoint of evaporated milk manufacture the salt balance 
might have to be listed as “‘undesirable” in table 9. However, 
since the salt composition of the milk is not under the control of 
the producer, it is questionable whether a test of this kind would 
be just to the producer. 

Although there are no direct observations available to show to 
what extent the milk salts are responsible for the positive alcohol 
test as applied to market milk, we can readily draw a conclusion 
as to the importance of the milk salts by comparing the normal 
variations in the milk salts with the amounts found effective 
in causing a positive test. 

Sommer and Hart (11) in an analysis of thirty samples of 
milk found the CaO content to vary from 0.132 to 0.210 per 
cent; the MgO content from 0.019 to 0.029 per cent; the P.O, 
content from 0.193 to 0.294 per cent and the citric acid content 
from 0.100 to 0.292 per cent. In this investigation it was found 
that an increase of 0.0112 per cent CaO (table 1), and 0.0040 
per cent MgO (table 1) caused a positive test and that an 
increase of 0.00068 to 0.00884 per cent in P.O, (table 4), changed 
a positive test to negative. 

If we assume that m/20 sodium citrate is equivalent to m/20 
potassium phosphate then the amounts of P.O; given above are 
equivalent to 0.00096 to 0.0038 per cent citric acid. From 
table 2 it is seen that sodium citrate in equivalent amounts is 
even more effective than potassium phosphate, so that the 
figures for citric acid are maximum figures. These figures make 
it quite apparent that the salt composition undoubedly is the 
determining factor in many cases. 
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This is further emphasized by the results given in table 5. 
The acidity at which the sample of milk was positive varied from 
0.20 to 0.30 per cent according to a slight variation in the salt 
composition. 

From table 9 we can readily see that the alcohol test would 
be desirable because it rejects milk which is positive because of 
the last five factors mentioned. These five factors give unde- 
sirable qualities to the milk and are under the control of the 
producer, therefore, the alcohol test would be desirable if it 
detected these factors alone. 

However, the alcohol test is also influenced very markedly by 
the salt composition of the milk; and a salt composition which 
may cause a positive alcohol test is neither undesirable (except 
in evaporated milk) nor under the control of the producer. 
Since this factor is undoubtedly the determining factor in the 
alcohol test, in many cases, the test must be regarded as inef- 
fective and unjust, except possibly as applied to milk to be 
manufactured into evaporated milk. A further study of the 
application of the alcohol test to the manufacture of evaporated 
milk is in progress in this laboratory. 


SUMMARY 


1. A slight increase in the magnesium or calcium content will 
cause a positive alcohol test; an increase of potassium, sodium, 
chloride, citrate, and phosphate, will not cause a positive alcohol 
test. 

2. The effect of the calcium and magnesium on the alcohol test 
is counteracted by the citrates and phosphates in the milk. 
A positive test with fresh milk depends mainly upon the relative 
amounts of these four salts present in it. 

3. A high calcium content in a ration fed to cows can cause 
coagulation of milk in the alcohol test. 

4. The effect of milk salts is of such importance that it can 
easily account for any lack of correlation between the alcohol 
test, acidity, and bacterial counts. The effect of acidity and 
the milk salts are additive. 
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5. Prepared rennet will cause a positive reaction in the alcohol 
test. The degree to which a sample of milk becomes positive 
will depend on the amount of rennet and the time it is allowed 
to act. 

6. The coagulating enzymes produced by rennet forming 
organisms, numbering 856,000 per cubic centimeter are suffi- 
cient to cause a positive alcohol test. However, rennet forming 
organisms must be regarded as a minor factor in the alcohol 
test for their prevalence in milk rarely approaches this figure. 
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In a previous paper (1) the seasonal variations of the percent of 
fat in cow’s milk was presented. The object of this paper is to 
present the results of a study of the seasonal variations in milk 
and fat production using the records of the same cows. 

The decrease in production due to the advance of the stage 
of lactation has been shown by Cooke (2), Linfield (3), Woll (4), 
and Grady (5). Cooke found that cows calving in the fall were 
more persistent than those calving in the spring. Woll concluded 
that there was little difference in the rate of decline of the various 
breeds. Eckles (6), studied the rate of decline of cows freshening 
every twelve months. Haecker (7) and Gavin (8) made studies 
to determine the length of time after calving that maximum 
production was attained. 

The favorable influence of spring pasture on milk production 
has been shown by Cooke (2), Linfield (3), Grady (5), Hills (9), 
Otis (10), and Humphrey and Woll (11). 

The effeet on milk and fat production of spring and fall freshen- 
ing has been shown by McCandlish (12), McDowell (13) and 
Moore (14). Fall freshening in each case favored increased milk 
and fat production. 

The records of each breed! were divided into groups according 
to the month during which the lactation began, i.e., all cows 
calving in January were placed together, those in February 
together, etc. Records made during parts of two lactation 


' The data for the Guernsey cows were obtained from 3215 Advanced Registry 
records from eastern and middle western states with a sprinkling from the Pacific 
Coast states. Values for the Jersey cows were obtained on 305 Register of Merit 
animals in Missouri. The Holstein data were compiled from 95 Advanced Regis- 
try records on animals in the University of Missouri dairy herd. 
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periods were eliminated. The average monthly milk production 
for each month was obtained by totaling the production of milk 
and dividing this total by the number of cows in the group. 
For the sake of uniformity, all records were then converted to 
a thirty-day month and the average daily milk production 
obtained. 

As a basis of comparison, the influence of the stage of lactation 
on the average daily milk production of dairy cattle is presented 
in table 1. 


TABLE 1 
Influence of the stage of lactation on the average daily production of dairy cattle 


GUERNSEY JERSEY HOLSTEIN 
(3215 LacTaTIONs) (305 LaACTATIONS) (95 LacTaTIoNns) 
LACTATION 
Milk daily Milk daily Milk daily 
pounds pounds pounds 
1 33.3 10.6 30.0 10.9 39.6 10.4 
2 34.3 10.9 29.4 10.6 40.3 10.6 
3 32.3 10.3 27.9 10.1 38.9 10.2 
4 29.9 9.5 25.9 9.4 36.5 9.6 
5 28.1 8.9 24.2 8.8 33.9 8.9 
6 26.4 8.4 22.7 8.2 32.5 8.5 
7 24.9 7.9 21.4 7.7 30.8 8.1 
8 23.7 7.5 20.6 7.5 29.3 7.7 
9 22.4 TB 19.5 7.1 27.9 7.3 
10 21.0 6.6 18.6 6.7 25.4 6.7 
ll 19.5 6.2 17.3 6.2 23.2 6.1 
12 17.9 5.7 17.3 6.2 20.1 5.3 


An examination of table 1 reveals the fact that the decrease in 
milk production for the three breeds included, is remarkably 
uniform. In the case of the Guernsey and Holstein-Friesian 
breeds the highest average milk production is reached the second 
month, followed by a very slow gradual decline. The Jerseys, 
however, reached their maximum the first month and then 
declined slowly in close agreement with the other breeds. It will 
be noted that the average daily production the twelfth month is 
very close to 50 per cent of the production the best month. As 
compared to the data collected by Eckles (6) it will be seen that 
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cows on test will hold up their production if foreed methods are 
employed and a 365 day record is desired as compared to cows 
freshening every twelve months. 

By grouping the records according to the month during which 
the lactation began, the influence of the stage of lactation as a 
factor influencing milk production can be shown in conjunction 
with seasonal or other variations. 

The data for the Guernsey breed is presented in chart 1. 
The continuous lines in the charts are the plotted values showing 
the influence of the stage of lactation on the average daily milk 
production as shown in table 1 while the columns are the plotted 
values obtained for the cows grouped according to the month 
during which the lactation began showing the average production 
of milk throughout the lactation period. The group of Guernsey 
cows starting their lactation periods from January to June follow 
the average figures very closely. The July group decreased in 
production the second month as compared to the first, probably 
due to the poor feeding conditions on pasture as well as heat and 
flies. The low average production of cows calving in August is 
very noticeable. They run below the average for almost the 
entire lactation period. The cows calving in the fall from 
September to December again follow the average fairly closely 
until the following spring when the production is slightly above 
the average. This is attributed to the favorable influence of 
spring pasture. It should be observed, however, that in no case 
does the milk production actually increase during the spring 
months. The following explanation is given. Cows on test are 
generally being forced with an abundance of feed and do not 
respond to pasture as much as cows receiving only ordinary care, 
in fact it has been observed that some test cows will actually 
decrease in milk production when turned on pasture. Another 
possible explanation may lie in the wide geographical distribution 
of the cows. The difference in the time when cows were turned 
to pasture would tend to counter balance each other. 

From the standpoint of total milk production, it will be seen 
that the cows calving in the fall and winter months equal or exceed 
the average production while those calving during the summer 
months are below the average. 
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INFLUENCE OF THE SEASON OF THE YEAR ON THE YIELD OF MILK 


Continuous lines are the plotted values showing the influence of the stage of lactation on the average daily 
milk production. The columns are the plotted values showing the influence of the season on the milk yield. 
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The data for the Jersey breed is presented in chart 2. The 
groups of cows starting their lactation period in January, Feb- 
ruary, and March increase in production the second month while 
those starting during the rest of the year reach their maximum 
the first month. The favorable effect of pasture is also very 
noticeable as in practically every case the production of milk 
increases in May irrespective of the length of the lactation period. 

The data for the Holstein-Friesian breed is presented in chart 3. 
As the number of cows is limited individual variations have not 

TABLE 2 


Influence of the season of the year on the yearly production of dairy cows 
Based on a thirty-day month 


GUERNSEY JERSEY HOLSTEIN-FRIESIAN 
MONTH LACTATION STARTED YEARLY PRODUCTION YEARLY PRODUCTION YEARLY PRODUCTION 
Milk "at Milk Fat Milk Fat 
pounds pounds pounds pounds pounds pounds 
482.8 9,213 480.8 13,683 | 415.9 
February............ 9,723 | 485.9 | 8,913 | 469.8 | 10,617 7.8 
9, 642 479.5 8,325 428.9 12,675 | 398.4 
a or 474.2 7,779 418.5 9,039 | 292.4 
8, 973 462.1 8,121 435.9 12,315 | 356.5 
476.8 7,584 400.4 9,147 | 279.7 
9, 300 459.0 8,949 445.8 9,828 | 338.8 
August...............| 8,466 | 429.1 | 9,126 | 497.2 | 11,997| 363.6 
September........... 9,414 475.4 7,461 408 .5 10,401 | 322.4 
Gee 478.2 7,983 417.4 9,924 | 300.4 
November........... .| 9,918 494.4 7,884 424.7 14,577 | 461.4 
December............| 9,645 485.1 7,824 424.8 12,420 | 373.9 


been eliminated. Some significance, however, may be attached 
to the relatively low production of those cows calving during 
June and July. The effect of pasture is also shown by the in- 
creased milk production during May. 

The influence of the season of the year on the yearly production 
of dairy cows is shown in table 2. With some minor exceptions, 
the best milk and fat records are made by cows calving during 
the months from September to April. Probably due to the 
forced feeding methods employed with cows on official test, there 
is not as much difference as might be expected. 
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SUMMARY 


Data was presented showing that the average monthly decrease 
in milk production for all breeds is very uniform, the production 
during the twelfth month being approximately 50 per cent of the 
production during the best month. 

The principal variations in milk production, aside from that 
due to the advance of lactation, were found to be largely due to 
the changes in pasture during the spring and summer months. 
The fundamental reason for the variation in milk is probably 
one of nutrition. This in turn being affected to some extent 
by atmospheric temperature. Cows on test being well fed are 
probably less affected, either favorably or unfavorably, by pasture 
than those not being pushed for maximum production. 

From the standpoint of total milk production, cows calving in 
the fall and winter months equal or exceed the average produc- 
tion while those calving during the summer months are generally 
below the average. 
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A STUDY OF THE USE OF SUPERHEATED AND UN- 
SUPERHEATED PLAIN CONDENSED BULK SKIM 
MILK IN THE MANUFACTURE OF ICE CREAM? 


P. H. TRACY 
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INTRODUCTION 


Plain condensed bulk milk is a product made from either whole, 
partly whole, or skim milk and is used for the most part to supply 
the necessary solids in the manufacture of ice cream. 

Superheated plain condensed bulk skim milk is the unsweetened 
condensed milk made from completely skimmed whole milk 
condensed in vacuo at the ratio of about three parts of fluid 
milk to one part of condensed milk, followed by heating to a 
temperature from 180° to 190°F. and holding at that temperature 
for a sufficient length of time to give the body of the condensed 
milk a heavy consistency. The product is not sterile. 

The same definition holds for the unsuperheated condensed 
skim milk except that the latter is not subjected to a high tem- 
perature to thicken it. Like the superheated condensed skim 
milk, it is not a sterile product. 


USE OF CONDENSED MILK IN ICE CREAM MAKING 


Condensed milk is used in ice cream making as a source of milk 
solids not fat. Since a considerable portion of the excess water has 
been removed, it is possible to combine condensed milk, cream, 
sugar and gelatin in such proportions that the resulting mixture 
will have the desired percentages of butter fat, milk solids not fat, 


1 This article is based upon the thesis presented to the Faculty of the Graduate 
School of the University of Illinois by P. H. Tracy in partial fulfillment of the 
requirements for the Degree of Master of Science in Dairy Husbandry. The 
experimental work was completed in June, 1922. A typewritten copy of the 
original thesis will be found in the files of the Library of the University of Illinois, 

The work was done under the supervision of Profs. O. R. Overman and H, 
A. Ruehe of the Department of Dairy Husbandry, University of Illinois. 
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sucrose and gelatin. Without the use of a milk product from 
which a large part of the water had been removed, it would be 
impossible to obtain an ice cream mix sufficiently high in milk 
solids not fat to insure a desirable body in the finished product. 
In most cases the plain bulk condensed milk used in ice cream 
making has been superheated. This process consists in heating 
the condensed milk to a temperature ranging from 180° to 190°F. 
by the introduction of live steam before the milk is drawn from 
the vacuum pan, but after it has been evaporated to the desired 
concentration of solids. Since the superheating causes the con- 
densed milk to thicken, the resulting product is thought to be 
more desirable for ice cream making, the current belief being that 
it improves the body of the ice cream. Lack of definite infor- 
mation on that point was the incentive for this investigation. 


THE OBJECT OF THE INVESTIGATION 


The purpose of this investigation was to make a comparative 
study of superheated and unsuperheated condensed skim milk 
with particular reference to their use in ice cream making. An 
attempt was made to obtain information relative to the following 
points: 

1. The effect of superheating upon the physical state of the 
milk proteins. 

2. The effect of the use of superheated and unsuperheated 
condensed skim milk upon each of the following: 

a. The viscosity of the ice cream mix 

b. The finished product: (/) Over-run, (2) body, (3) texture, 
(4) resistance, (5) flavor, (6) heat resistance. 


PLAN OF WORK 


The folowing general plan of procedure was used in securing the 
data. 


Preparation and study of the condensed milk? 


Ordinary separator skimmed milk was used in the manufacture 
of the condensed milk. The milk was first placed in a large open 


? Throughout the remainder of this article, the term “condensed milk’ will be 
taken to mean “plain condensed bulk skim milk.”’ 
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vat, commonly called the forewarmer, having a capacity of 200 to 
220 gallons, and heated to about 150°F. by the introduction of 
live steam. It was then drawn into a 3-foot vacuum pan of the 
C. E. Rogers type, where the excess water was removed by boiling 
at a temperature of about 130°F. with about a 24-inch vacuum. 
Heat was supplied by means of a steam coil jacket and the 
necessary vacuum was obtained by means of a small steam pump. 

After the milk had been concentrated to about 12.5° Baumé at 
130°F., 15 or 20 gallons were drawn from the pan to be used for 
comparative study with the superheated condensed. The 
remainder was then superheated by forcing in live steam until a 
temperature of 185° to 190°F. was reached. It was held at that 
temperature until it had thickened to the desired consistency. 
The amount of time required for the superheating varied from 
five to fifteen minutes. The milk was then cooled by main- 
taining a partial vacuum in the condenser. As soon as the tem- 
perature dropped to about 130°F. the milk was drawn into 
10-gallon milk cans, and the temperature was further reduced by 
placing the cans in a large tank and surrounding them with 
running cold water. 

The total solids content of both the superheated and the un- 
superheated condensed milk was then determined, and enough 
water was added to standardize each to 27 per cent total solids. 

The relative viscosity of the condensed milk was determined 
to show the physical effect of superheating upon the body of the 
condensed milk. 

To determine the cause of the difference in viscosity, samples of 
both the superheated and the unsuperheated condensed milk, 
after being diluted with about twice their volume of water, were 
filtered by suction through porous clay filters of the Berkefeld 
type. The filtrates were then tested for casein and albumin. 


The preparation of the mixes 


With the exception of the first eight batches (which were half 
the size of the others) each of the mixes made had a total weight of 
approximately 50 pounds, which was sufficient to make 8 to 10 
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gallons of ice cream. Forty per cent cream, skim milk, 27 per 
cent bulk condensed skim milk, sugar, gelatin, water, and vanilla 
extract were the only ingredients used. The percentages of fat 
and solids not fat varied in the different mixes, as shown in the 
table, but the amount of sugar, flavoring and gelatin used was 
constant in each batch. The weighing was done on a 10-pound 
spring scale graduated to ounces. 


TABLE 1 
Composition of the mixes 


27 

CREAM NSE 

per cent |per cent | per cent | per cent | per cent | pounds | pounds | pounds | pounds 

land 100/ 8.07} 10.10) 11.93) 0.5 | 30.50) 10.0 | 22.9] 8.9 | 2 50.30 
2and 200{ 8.11) 13.92) 11.93} 0.5 | 34.37) 10.0 | 11.8 | 20.0 | 2 50.30 
3 and 300/ 8.29) 17.85) 12.10! 0.5 | 38.65} 10.0 31.1 | 2 49.60 
4and 400 | 10.08) 10.04) 11.98) 0.5 | 32.51) 12.5 | 19.8| 9.3| 2 50.10 
5 and 500 | 10.10) 13.82/ 11.93} 0.5 | 36.26) 12.5 | 20.3 | 2 50.30 
6 and 600 | 12.03) 10.02) 11.93) 0.5 | 34.39) 15.0 | 17.0| 9.8] 2 50.30 
Zand 700 | 12.09) 13.82) 11.93) 0.5 | 38.25) 15.0| 5.9 | 2 50.30 
Sand 800 | 14.02} 9.92) 11.93) 0.5 | 36.28) 17.5 | 14.2} 2 50.30 
9and 900} 8.10} 12.00} 11.94) 0.5 | 32.65) 10.0 | 17.0 | 14.5 | 2.25 | 50.25 
10 and 1000 | 10.09) 11.96) 11.94) 0.5 | 34.41) 12.5 | 14.0 | 15.0 | 2.25 | 50.25 
11 and 1100 | 12.06} 11.92) 11.94) 0.5 | 36.34) 15.0 | 11.0 | 15.5 | 2.25 | 50.25 
12 and 1200 | 14.05) 11.92) 11.94) 0.5 | 38.33) 17.5 | 8.0 | 16.0 | 2.25 | 50.25 


* Batches 1 through 12 refer to those batches containing superheated 
condensed milk, while nos. 100 through 1200 refer to the comparable batches 
containing unsuperheated condensed milk. 

t Each of the mixes contained 6 pounds of sugar, 4 ounces of gelatin and 4 
ounces of vanilla. 


Ordinarily from 8 to 16 different batches were run at one time, 
half of which were made with superheated and half with un- 
superheated condensed milk. With the exception of the con- 
densed milk, the same ingredients were used in all the mixes made 
at the same time. This, in addition to the fact that the same 
freezer was used for all and that the temperature of the brine 
remained fairly constant during one day’s freezing, furnished a 
just basis for a comparative study of the use of superheated and 
unsuperheated condensed milk in ice cream making. 
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Table 1 gives the composition and amounts of the different 
ingredients used in each batch. 


Method of determining viscosity 


An ordinary 17.6 cc. milk pipette was used in determining 
the relative viscosity of the ice cream mixes and of the condensed 
milk. Two different pipettes were used. Due to its extreme 
visocity, it was necessary to use a pipette with a comparatively 
large opening to measure the viscosity of the superheated con- 
densed milk. For the unsuperheated condensed milk and the 
ice cream mixes a pipette with a smaller opening at the discharge 
end was satisfactory. 

In order that all the readings might be reduced to the same basis, 
the time of discharge of.the substance expressed in seconds was in 
each case divided by the time of discharge of distilled water at the 
same temperature. The result was termed the relative 
viscosity. 

The liquid to be measured was first tempered to 20°C. It was 
then drawn into the pipette, which was marked at the top and 
bottom of the enlarged portion. The time required for the top 
of the column to pass from the upper to the lower of these gradua- 
tions was then determined with a stop watch. While it was 
emptying, the pipette was held in a vertical position in a ring 
stand. It was thoroughly cleaned and dried between operations 
by means of hot water, alcohol and ether. The temperature of 
the room was kept as near 20°C. as possible. 

Since it was found that duplicate runs resulted in very close 
checks, single runs were used for mixes 1 through 8 in order to 
facilitate matters, as it was desirable to measure the viscosity the 
same day the batches were frozen. However, two runs were made 
on batches 9 through 12 and the averages of these were used in 


determining viscosity. 
Method of freezing 


The mixes were ususally aged for twenty-four hours before 
being frozen. An attempt was made to have the temperature 
of the mix not higher than 45°F. at the time it was placed in the 
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freezer. A chain-driven 50-quart horizontal brine freezer was used 
to freeze the ice cream. In freezing batches 9 through 12 and 
900 through 1200, the ice cream was allowed to whip until the 
maximum amount of air, as determined by the Mojonnier over- 
run tester, had been obtained. Batches 1 through 8 and 100 
through 800 were drawn when the appearance of the ice cream 
warranted it. Both methods are used in commercial plants. 

The freezer was thoroughly rinsed with water after each batch 
was drawn in order that the composition of the following mix 
might not be altered in any way. 


Method of determining the over-run 


The over-run on batches 1 through 8 and 100 through 800 was 
determined in the following manner. A one-half pint Seal- 
Right paper carton was weighed and then filled with the unfrozen 
mix and weighed again. It was next filled with the frozen ice 
cream, which in turn was weighed. The percentage of air that 
had been incorporated in the ice cream, or the over-run, was then 
determined by subtracting the net weight of the ice cream from 
the net weight of the mix, dividing the difference by the net 
weight of the ice cream and multiplying by 100. 

The over-run on batches 9 through 12 and 900 through 1200 
was obtained with the Mojonnier over-run tester. 


Taking the samples 


In order that the quality of the finished product might be 
determined, three samples were taken from each batch in small 
one-third pint cartons. These samples were always taken from 
the top of the first can drawn, which gave a fair representation of 
the whole batch. The samples were placed in a hardening room, 
which was kept at a temperature ranging from 11°F. to —4°F. 


Judging the ice cream 
The ice cream was removed from the hardening room at about 


seven day intervals and judged by Profs. H. A. Ruehe, O. R. 
Overman, and A. S. Ambrose of the Department of Dairy 
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Husbandry, together with the author. The criticisms on each 
batch were the summarized conclusion of this group of judges 
and were altogether of a comparative nature, as no attempt was 
made to use the score card. 


Method of determining heat resistance 


The difference in the ability of ice cream, differing only in the 
use of superheated and unsuperheated condensed milk, to with- 
stand the influence of heat was determined by subjecting samples 
of comparative batches of ice cream to the same heat conditions 
and measuring the amount that melted and dropped off in a given 
time. Each batch was represented by triplicate samples. 

For this purpose one-half pint and pint paper cartons were used. 
Since the amount of air incorporated might have some effect upon 
the rate of melting of the ice cream, samples having the same over- 
run (as determined by the Mojonnier over-run tester) were used 
in each comparison. 


EXPERIMENTAL RESULTS 


Effect of superheating upon the milk protein 


The effect of superheating upon the relative viscosity of the 
condensed milk is shown by the following table. In the second 
column is given the viscosity of the condensed milk before it was 
superheated, while in the third column is given the viscosity of 
the same condensed milk after it had been superheated. In 
all cases the total solids content was standardized to 27 per cent. 


BEFORE SUPERHEATING AFTER SUPERHEATING 


> 


| 


212 P. H. TRACY 


The extremely viscous condition of the condensed milk that 
exists after the superheating process has been completed is com- 
monly referred to as the “liver,” or coagulum. In a way these 
terms suggest a possible explanation of what happens when 
condensed milk is superheated, but a more definite explanation is 
lacking. 

From a study of the properties of the butterfat, milk sugar and 
ash content of milk, it is thought that heating these substances to 
a temperature of 190°F. would not be responsible for the increased 
viscosity of the condensed milk. If this is true, it necessarily 
follows that the increased viscosity of the condensed milk brought 
about by superheating is due to a change in the physical form of 
the milk proteins. This was proven by filtering both super- 
heated and unsuperheated condensed milk through porous clay 
filters and analyzing the filtrate for both casein and albumin. 

The milk was first thoroughly mixed with twice its volume of 
water and then placed in porous clay filters of the Berkefeld type. 
A colorless filtrate-was secured by applying suction to the clay 
plate. 

In case of the superheated condensed milk this filtrate contained 
no protein. The filtrate of the unsuperheated condensed milk, 
however, gave very pronounced reactions with the protein tests 
used. The following tests for protein were used: 


1. Xanthoproteic reaction 
2. Millon’s reaction 
3. Biuret reaction 
The filtrate from the unsuperheated condensed milk was 
further analyzed for casein and albumin. About 50 cc. of the 
filtrate was first made neutral with dilute sodium hydroxide. 
Dilute hydrochloric acid was then added a few drops at a time 
until 1.5 ce. had been added. The filtrate was allowed to stand a 
few minutes, but no precipitate was formed, indicating the 
absence of casein. Another portion of the filtrate was then 
boiled until a floculent precipitate was obtained, indicating the 
presence of albumin. 
The high degree of viscosity that occurs in superheated con- 
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densed milk may be explained by the fact that the superheating 
changes the ablumin from a colloidal to a finely divided precipi- 
tated form. In this state it is possible that the albumin particles 
adsorb not only each other but the casein as well, producing an 
effect not unlike an emulsion, the albumin in this case being the 
dispersed phase. 


The effect of the use of superheated and unsuperheated condensed 
milk upon the ice cream 


To determine the effect of the use of superheated condensed 
milk upon the ice cream, comparative criticisms were made of the 
various lots of ice cream containing superheated condensed milk 
with those containing unsuperheated condensed milk. Twelve 
different combinations of fat and milk solids not fat were repre- 
sented. Each of the 80 different batches were judged three times, 
making in all 240 criticisms. 

The data obtained show conclusively that the use of super- 
heated condensed milk causes the ice cream to have a better body 
and a smoother texture and also increases the amount of resis- 
tance. On the other hand, ice cream containing unsuperheated 
condensed milk is not so likely to develop an old or condensed 
milk taste upon being held in storage and has a superior flavor 
even when fresh, due to the fact that the fresh milk flavor of the 
unsuperheated condensed milk has not been destroyed by heating 
to a high temperature. 

Since superheating causes a change in the physical state of the 
milk proteins, it might be expected that the use of superheated 
condensed milk would be a contributory factor to the development 
of sandiness in the ice cream. However, the data indicate that 
there is no appreciable difference in the tendency which com- 
parable batches have to become sandy. 

Since the greatest amount of condensed milk was used in those 
batches having the highest percentage of milk solids not fat, it 
might be expected that those batches would show the greatest 
effect of the use of superheated condensed milk. However, the 
converse was true, for the greatest difference was in those batches 
containing a low percentage of milk solids not fat and in which 
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only 9 or 10 pounds of condensed milk were used. This can be 
explained by the fact that the addition of a slight amount of solids 
is more noticeable up to a certain point than it is beyond that 
point. Consequently, the addition of a few more solid particles 
to those mixes containing from 30 to 33 per cent total solids 
would seem to have a greater effect upon the texture, resistance 
and body of the ice cream than the addition of two or three times 
as many particles to those mixes containing from 35 to 38 per cent 
total solids. 

The data also show that it is possible for the use of unsuper- 
heated condensed milk to result in a better ice cream than that 
made with superheated condensed milk. Referring to batches 
3 and 5, due to the high solids content, neither the body, texture, 
nor resistance of the ice cream was as desirable as that of the 
comparable batches containing unsuperheated condensed milk. 
By way of explanation, it may be said that the percentage of 
total solids in these batches was probably such that the addition 
of any more solid particles subtracted from, rather than added 
to, the merits of the ice cream. 

It was the opinion of the judges that in general the use of the 
superheated condensed milk was equivalent to the addition of 
about 2 per cent solids. For example, it was noted that batch 
1200, containing unsuperheated condensed milk and having 
38.33 per cent total solids, was comparable to batch 11, which 
contained superheated condensed milk and had a 36.34 per cent 
total solids content. Also, batch 1100 (containing unsuper- 
heated condensed milk) seemed to have about the same texture 
and resistance as batch 10 (containing superheated condensed 
milk), which contained 2 per cent less total solids. 


Effect of the use of superheated condensed milk upon the viscosity of 
the ice cream mix 

Since superheating results in a marked increase in the viscosity 

of the condensed milk, it is to be expected that an ice cream mix 


containing superheated condensed milk will have a greater 
viscosity than that in which concentrated skim milk is used. 
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This difference is shown in the following graphs of the average 


| viscosity of three series each of batches 1 through 12, and 100 va 
through 1200. 
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Fig. 1. Grapus SHOWING THE EFrrecT UPON THE VIscosiITy OF THE MIX OF THE 
User or SUPERHEATED CONDENSED MILK, AS WELL AS THE RELATION BETWEEN 

- Viscosiry, THE AMouNT oF ConpDENSED MILK Usep AND THE Per CENT OF 
BurrerFAT 1N THE Mix 


The graphs in figure 1, in addition to showing the difference in 
the average viscosities of the batches also show the relation 
between the viscosity, the amount of condensed milk used, and the 
percentage of butterfat in the mix. 
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Graph A plainly shows the increase in viscosity due to the use 
of superheated condensed milk and indicates that as the amount of 
condensed milk used was increased the viscosity of the mix also 
increased, the amount of increase being modified somewhat by 
the percentage of butterfat. However, the greater increase was 
due to the percentage of milk solids not fat and the amount of 
condensed milk used. This is shown by the increase in viscosity 
of batches 5 and 500 and batches 3 and 300 over batches 8 and 
800 and 7 and 700 respectively. In both cases the percentage of 
milk solids was the same; however, those containing the greater 
percentage of milk solids not fat (which also contained the greater 
amount of condensed milk) had the greater viscosity. 

Graph B also shows how the increase in percentage of fat and 
the amount of condensed milk used causes an increase in the 
viscosity of the mix. Since the percentage of milk solids not fat 
was constant, while the percentage of fat increased with each 
batch, the increase in viscosity in this case was mostly due to the 
increased amount of butterfat present, as there was only a slight 
increase in the amount of condensed milk used. 


Effect of the use of superheated condensed milk upon the over-run 
obtained 


Since ice cream mixes containing superheated condensed milk 
have a greater viscosity than those containing unsuperheated 
condensed milk, it is to be expected that the ice cream made from 
the former will have a higher percentage of over-run than that 
made from the latter. That such is the case is shown by the 
comparison of the average over-run obtained on two series each 
of 12 batches containing superheated condensed milk and 12 
batches containing unsuperheated condensed milk, as given in 
table 2. 

The ice cream represented in Part I of table 2 was drawn from 
the freezer when it appeared to have been frozen sufficiently. 
This is the method commonly used in commercial practice. There 
are plants, however, where the ice cream is not drawn until a 
maximum over-run is obtained. This was the method followed 
in securing the data given in Part II. 
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It will be noted that in practically all cases a greater over-run 
was obtained from those mixes containing superheated con- 
densed milk than from those containing unsuperheated condensed 
milk. 


Effect of the use of superheated condensed milk upon the heat 
resistance of the ice cream 


The relation existing between the heat resistance of ice cream 
containing superheated condensed milk and that containing 
unsuperheated condensed milk is shown in table 3. 


TABLE 2 
Effect of the use of superheated condensed milk upon the over-run obtained 
Part I 
1 85.7 100 73.4 
2 86.3 200 90.5 
“ 3 83.0 300 70.0 
+ 83.8 400 74.9 
5 73.5 500 58.5 
6 84.2 600 68.4 
7 80.6 700 67.8 
8 78.0 800 56.9 
Part II 
9 78.7 900 72.3 
10 81.0 1000 74.7 
ll 81.7 1100 71.7 
12 84.3 1200 74.3 


It is evident from these data that ice cream containing super- 
heated condensed milk will stand up much better when subjected 
to a temperature above freezing than will that in which unsuper- 
heated condensed milk is used, the amount of difference depending 
upon the quantity of condensed milk used. 

The difference in the way in which comparative batches of ice 
cream melted is also shown in the following pictures taken of 
samples 16a, 17a and 18a recorded in table 3. Picture 1 repre- 
sents the appearance of the samples at the start of the experiment. 
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Picture 2, taken of the samples at the end of one hour, clearly 
shows how the increase in the amount of superheated condensed 
milk used increases the ability of the ice cream to stand up. The 


TABLE 3 
Difference in melting of ice cream made from superheated and unsuperheated 
condensed milk 
WEIGHT MELTED 
NUMBER TEMPER- | ovER-RUN 
grams grams grams per cent | per cent °C. per cent 
250 237 125 §.2 50.0 20.5 70 
253 238 133 5.9 47.8 20.5 70 
| ae 249 235 121 5.6 59.4 20.5 70 
Average. ........ 250.7 | 236.7 | 126.3 5.6 49.7 
246 236 4.1 41.7 20.5 70 
2 231 138 3.8 42.5 20.5 70 
238 230 129 3.4 45.8 20.5 70 
Average 241.3 | 232.3 | 137 3.7 43.3 
235 235 159.5 0 32.1 20.5 70 
. fe are 242 242 168 0 30.6 20.5 70 
238 238 173 0 27.3 20.5 70 
238.3 | 238.3 | 166.8 0 30.0 
Composition of mixes in table 3 
40 
NUMBER rat sucar| SEEM | | WATER 
per cent |per cent |per cent |per cent | per cent | pounds | pounds | pounds | pounds 
10 10 12 0.5 | 32.5 | 12.5|19.8| 9.3) 2.00 
10 10 12 0.5 | 32.5 | 12.5 19.8] 2.00 
(as: G&.& @......,.. 10 10 12 0.5 | 32.5 | 12.5 15.9 | 15.35 


* Unsuperheated condensed milk was used. 
t Superheated condensed milk was used. 


composition of all three batches was the same, the only difference 
being the condensed milk used. In the sample on the left 9.3 
pounds of unsuperheated condensed milk were used; in the middle 
sample 9.3 pounds of superheated condensed milk were used; while 
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in the third sample 15.9 pounds of superheated condensed milk 
were used. The difference in the percentage melted from the first 


PicTurE 1. APPEARANCE OF ALL THE SAMPLES BEFrorRE ExposuRE TO 
Room TEMPERATURE 


Picture 2. APPEARANCE OF THE SAMPLES AFTER ONE Hovur’s Exposure 
to Room TEMPERATURE 


two samples is hardly noticeable, being 1.1 per cent. However, 
the difference between either the first or second and the third is 
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more striking. The percentage melted in the first case was 5.2; in 
the second, 4.1; whereas only three drops had fallen from the 
third sample when the picture was taken. 

Picture 3 shows samples 16a, 17a and i8a at the end of two 
hours. The appearance of samples 16a (left) and 17a (center) 
is about the same, the difference in the percentage melted being 
8.3. When sample 16a and 18a (right) are compared, however, 
a greater difference can be seen, the difference in the percentage 
melted being 17.9. 


Picture 3. APPEARANCE OF THE SAMPLES AFTER Two Hours’ Exposure 
To Room TEMPERATURE 


Both the data and the pictures show rather conclusively that 
the use of superheated condensed milk causes the ice cream to have 
more resistance to temperatures above the freezing point, the 
ice cream having the greatest resistance being that containing the 
largest amount of the superheated condensed milk. 


CONCLUSIONS 


1. Superheating condensed skim milk causes the albumin to be 
changed from a colloidal to a precipitated form. 

2. The use of superheated condensed milk increases the 
viscosity of the ice cream mix. 
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3. The use of superheated condensed milk improves the texture 
and body of the ice cream and increases its resistance. 

4. Ice cream containing unsuperheated condensed milk has a 
better flavor than that containing an equal amount of super- 
heated condensed milk. 

5. A larger over-run can be obtained from a mix containing 
superheated condensed milk than from a mix containing an equal 
amount of unsuperheated condensed milk. 

6. An ice cream containing superheated condensed milk will 
have a greater heat resistance than that containing an equal 
amount of unsuperheated condensed milk. 
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Undoubtedly the most systematic and scientific method of 
formulating the food requirements of farm animals is that of 
the late Dr. H. P. Armsby. The Armsby standards for the 
maintenance of farm animals, for their growth and fattening, 
and for the maintenance of milk production, are not in the main 
empirical, as are so many others, but are the result of a search- 
ing analysis of physiological functioning. While the experi- 
mental data upon which they are based are not always so com- 
plete as to make them in any sense final; while the interpretation 
of the data may not in all cases be above criticism; and while 
some of the standards are not as widely applicable as they are 
stated to be; nevertheless, the general method by which they are 
deduced and the terms in which they are expressed are so far 
superior to other methods and other terms as to put them in a 
class by themselves. The conception of “net energy” and the 
direct and indirect determinations of the net energy values of a 
large number of feeds of common use in this country, permits a 
wide application of the Armsby standards in American feeding 
practice, insofar as any feeding standard may be so applied 
to advantage. 

In determining the energy requirements of animals for main- 
tenance, the method of Armsby has been simply to determine 
experimentally the energy expenditure of the fasting, resting 
animal, at moderate external temperatures. An amount of 
net energy equal to this expenditure should maintain the animal. 
In determining the energy requirements for production, the 
actual energy content of the added tissue or of the milk secreted 
represents the net energy required, recognizing that the net 
energy value of feeds may vary with the type of production. 
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Unfortunately the determination of protein requirements is 
not so simple. While it seems to be a fact that the loss of nitro- 
gen sustained by an animal on a ration containing sufficient 
energy but free from protein and other forms of nitrogen, is a 
measure of the protein minimum for the maintenance of life, 
it cannot be concluded that an equivalent amount of digestible 
protein will cover this requirement. Nor can it be said that the 
protein content of added tissue or the protein content of milk 
secreted measures directly the amount of digestible protein 
required for their elaboration. The reason is that there is a 
wastage of digestible protein in serving body purposes just as 
there is a wastage of digestible energy. While the latter wastage 
seems to be a physiological phenomenon, the former seems to 
be largely a chemical phenomenon, due to the difference in 
chemical structure between body proteins and food proteins. 
One seems to be as inevitable as the other, however. 

Therefore, before a determination of the amount of food pro- 
tein required for a certain purpose can be made, it is necessary 
to know not only the amount of protein the body needs, but 
also the inevitable wastage of food protein in covering this need. 
As is well known this wastage of protein differs rather widely 
among different forms of food protein, and any measure of the 
nutritive value of the protein of a given food must include not 
only the wastage due to incomplete digestibility, but also the 
wastage of digestible material representing the fragments of 
food protein (amino acids) left over in its conversion into body 
protein, or in its utilization in the “repair” of the body tissues. 
These left-over fragments, though available for the production 
of energy or even for the storing of energy, cannot be used for 
the covering of protein needs for the lack of proper supplementary 
fragments. 

The simplest and the most serviceable method of measuring 
the nutritive value of digestible protein seems to be that 
of Karl Thomas'. The value of a protein according to this 
method (its so-called ‘‘biological value’’) is measured by the 


1 Thomas, Karl, Arch. Anat. und Physiol., Physiol. Abt., 1919, 219. 
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number of parts of body protein that may be spared by 100 
parts of the digestible food protein in question. Thus, a value 
of 60 would mean that 1 pound of the digestible food protein 
would be required to cover a loss of 0.6 pound of body protein 
in the endogenous protein catabolism. In other words, if an 
animal loses 0.6 pound protein per day (urinary N xX 6) on a 
protein-free ration containing sufficient energy, 1 pound of the 
digestible protein in question would be required daily for 
maintenance. 

It seems probable that the same conception can be extended 
to cover the other functions of protein in the body besides that 
of replacing nitrogen degraded in the so-called ‘‘wear and tear” 
processes of metabolism, whatever these may be. For example, 
when the protein intake is sufficiently high to support growth, 
it may be found that 1 pound of the digestible protein in question 
may be required to form 0.7 pound of tissue protein. Hence, a 
coefficient of 70, entirely analogous to Thomas’ “biological 
value” for maintenance, may be given to this protein. If the 
values of proteins for maintenance and for growth are not 
greatly different, the coefficient assigned to a protein may in- 
elude all the structural purposes for which protein is used in the 
body, so that of every pound of digestible protein consumed, 
a more or less constant amount can be used for maintenance and 
growth. After considerable experimentation we have adopted 
this method of expressing the value of digestible protein in 
nutrition.? 

By the use of these values of Thomas it would be possible to 
formulate protein requirements by the same method Armsby 


2 While it is probably true that all proteins have lower biological values for 
growth than for maintenance, our experience has shown that the level at which 
the protein is fed is probably of greater importance in most cases in determining 
its value to the body in satisfying nitrogen requirements than the purposes for 
which it is used in the body. In covering the maintenance requirement the 
biological value of a protein seems to be lower when fed at a 10 per cent level than 
when fed at a 5 per cent level, so that at the former level the difference in the 
values of the protein for maintenance and for growth is probably not great. 
While our experience with rations containing more than 10 per cent of protein is 
limited, such as it is it indicates that no marked further decrease in biological 
value need be expected until the level is so high that maximum growth is possible. 
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has used in formulating energy requirements, and to list the 
“net protein” value of feeds in the same way as their net energy 
values have been listed. 

Few reliable determinations of the nutritive value of the pro- 
tein of foods by the method of Thomas have been published to 
date. Nevens, working in this laboratory and using a method 
developed here after several years of work, has recently published® 
the results of some metabolism studies on rats designed to 
measure the value for maintenance and growth of the proteins 
of corn, alfalfa hay, and cottonseed meal, alone and combined 
in various ways. The work to be reported in this paper, ex- 
tends this investigation to coconut meal, soy beans, and rice 
bran, and includes studies of combinations of these feeds with 
each other and with corn. Rats were the experimental subjects; 
and the technique of the collection of urine and feces was identical 
with that used and fully described by Nevens, as was also the 
method of calculating the nutritive value of the proteins. 


THE LOSSES OF NITROGEN ON AN N-FREE RATION 


The nitrogen loss from the body due to the constant disintegra- 
tion of tissue in the course of the endogenous catabolism was 
determined by feeding the rats a nitrogen-free but otherwise 
adequate ration for ten days, and by measuring the losses of nitro- 
gen in the urine for the last seven days of this period. The losses 
of nitrogen in the feces per gram of this ration consumed was 
taken as a measure of the so-called ‘metabolic nitrogen” of the 
feces, and was used in subsequent periods in the determination 
of the actual digestible nitrogen of the protein rations fed. 

Such a nitrogen-free feeding period constituted the first and 
the last (the eighth) balance periods of the experiment. The 
data obtained are included in table 1. 

For the first period on this ration the urinary nitrogen per 
day per 100 grams of body weight averaged 20.6 mgm. with 
only small variations among individual rats with the exception 
of rat 131. We take these values as measures of the endogenous 


* Nevens, W. B., J. Dairy Science, 1921, vi, 552. 
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nitrogen excretions of the rats, representing losses that must be 
made good by dietary protein if the body weight is to be main- 
tained. The daily fecal nitrogen on the nitrogen-free diet 
obviously has its origin in the body of the rat, and may be taken 
to represent the wastage of body nitrogen in digestion. . It would 
TABLE 1 
Metabolism of rats on a nitrogen-free ration 


DAILY — 
131 1 73.0 66.5 5.43 19.4 8.2 27.9 150 
132 1 46.0 43.0 3.72 8.7 19.6 
133 1 62.0 57.0 5.24 11.4 9.0 19.2 173 
134 1 74.0 66.5 5.27 16.1 5.6 22.9 106 
135 1 57.0 52.0 5.29 8.8 11.9 16.2 225 
136a 1 82.0 75.0 5.16 16.1 14.6 20.5 283 
137 1 45.0 41.5 3.67 7.5 6.0 17.4 165 
138 1 67.0 59.5 5.32 12.8 11.3 20.3 213 
139 1 54.5 46.5 4.23 11.0 9.7 21.7 229 
131 8 99.0 87.0 3.56 22.6 9.3 24.3 261 
132 8 64.0 58.5 2.64 11.8 5.2 19.4 197 
133 8 84.5 77.5 3.29 18.3 6.3 22.6 191 
134 8 139.0 130.0 6.09 17.5 8.8 13.0 144 
135 8 118.5 108.0 5.67 12.3 9.4 10.9 167 
136b 8 154.0 | 140.0 4.39 20.3 12.1 13.8 276 
137 8 88.5 77.5 2.66 16.7 5.3 (20.1)*| 198 
138 8 125.0 | 112.0 4.25 16.8 8.0 14.2 190 
139 8 81.0 72.0 3.64 12.9 8.2 16.8 227 


* This value is not used here in computing the average, nor in future computa- 
tions, because of the low food intake in proportion to the size of rat. 


seem to be related to the amount of food consumed and averaged 
193 mgm. per 100 grams of food. Considerable individual 
variations appear in this value, which seems to be affectedjby 
factors not under control in our experiments, such as the con- 
sumption of filter paper, with which the bottoms of the metab- 
olism dishes were covered. 
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In the eighth experimental period, the rats were again put upon 
the nitrogen-free ration and collections of urine and feces were 
made daily after a three-day preliminary period, and composited 
for one week. In this period the loss of nitrogen in the urine 
per day per 100 grams of rat was, in all cases but one, less than 
the losses for corresponding rats in the first period, and sometimes 
very much less. It has been our experience that rats kept for 
several weeks confined in our metabolism dishes, show decreasing 
rates of endogenous loss of nitrogen. It seems probable that 
this indicates a diminished vitality of the experimental animals, 
just as a decreasing basal metabolism of energy has of late been 
found to be associated with decreasing vitality. Therefore, in 
the periods intervening between the two metabolism trials just 
described, it has been assumed that the endogenous losses of the 
rats decrease, in proportion to their weight, in a linear fashion 
from the value obtained in period 1 to the value obtained in 
period 8. 

The fecal nitrogen excreted per 100 grams of food consumed 
in period 8 varied somewhat among the different rats from the 
corresponding values in period 1. In only two or three cases, 
however, is the difference so great that the average of the two 
values for any rat cannot be used in computing digestible nitrogen 
in the intervening periods. For these three cases, i.e., rats 131, 
134, and 135, it was again assumed that the change from the 
value in period 1 to the value in period 8 waslinear. The average 
value for the period was 206 mgm. of fecal nitrogen per 100 grams 
of food consumed. 


RESULTS WITH LOW PROTEIN RATIONS 


The rations containing the feeds to be tested were made up 
so as to contain 5 or 10 per cent of protein and to be adequate 
in all known respects except for the quality of the protein. In 
table 2 will be found the recipes for the rations and their nitrogen 
contents as determined by Kjeldahl analysis. 

Rations 1, 2, and 3 contain the proteins of coconut meal, 
soy, bean, and corn at a 5 per cent level. Such rations will 
support very little if any growth, and the experimental results 
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obtained with them may logically be considered by themselves. 
These results are contained in table 3. A three-day preliminary 
period always followed a change of ration, and all collection 
periods were of seven days’ duration. 

The method of computing the utilization of the absorbed 
nitrogen may be illustrated by considering the data for rat 133, 
period 2. This rat consumed per day an average of 48.2 mgm. 
of nitrogen and excreted in the feces an average of 21.2 mgm. 


TABLE 2 
Percentage composition of experimental rations 
RATION* 
CONSTITUENT 
1 2 3 4 5 6 7 8 9 
Coconut meal............... 24.0 48.0 24.0 24.0 
60.5 60.5] 57.8| 
56.0} 68.1) 19.5} 32.0) 56.2) 7.6 15.2 
tha’ 2.0} 2.0} 2.0) 2.0) 2.0) 2.0 
5.0} 5.0) 5.0) 5.0) 5.0) 5.0) 5.2) 1.4) 5.0 
10.0} 10.0} 10.0} 10.0} 10.0) 10.0} 10.0) 10.0) 10.0 
Salto. SiO} 3.0) 3.0] 3.0) 3.0) 3.0; 3.0; 3.0} 3.0 
100.0) 100 .0/100 .0}100 .0}100 .0/100 .0/100 .0)100 .0/100 .0 
Nitrogen content........... 0 .897|0 .919}0 .957/1 .704|1 .743/1.782|1 .768}1 .694/1 .687 


*Osborne and Wakeman’s preparation of Vitamin B was added to rations 1, 2, 
3, 4and 5 at the rate of 170 mgm. per 100 grams of ration. 


Of the latter loss, however, the body of the rat contributes some, 
estimated at 9.8 mgm. (column d) from the data from periods 1 
and 8. Hence the daily feces contained 21.2 — 9.8 = 11.4 mgm. 
of food nitrogen. The amount of digestible nitrogen consumed 
per day was, therefore, 48.2 — 11.4 = 36.8 mgm. The daily 
excretion of urinary nitrogen was 22.0 mgm., but this also is 
partly derived from the body and partly represents a wastage 
of food nitrogen. The loss from the body, the endogenous ni- 
trogen, is estimated from the urinary losses in periods 1 and 8 
as being 11.7 mgm. Hence the food nitrogen wasted in the 
urine is 22.0 — 11.7 = 10.3 mgm. per day. Therefore, of the 
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TABLE 3 
The utilization of the proteins of coconut meal, soy bean and corn fed at a level of 
& per cent 
(a) (b) () (4) (e) (g) 
DAILY - 
SUMED N IN N RE- | SORBED 
FECES TAINED N 
Coconut meal ration 1 
grams | grams | grams | mgm. | mgm. | mgm. | mgm. | mgm. | mgm. | per cent 
131 2 | 65.5 | 71.5 | 6.96 | 62.4 | 27.5 | 26.2 | 11.6 | 18.6 | 38.9} 81 
132 2 | 42.5 | 45.0 | 4.06 | 36.4 | 16.7 | 15.2] 8.0] 8.5 | 21.0| 72 
133 2 | 58.5 | 60.0 | 5.37 | 48.2 | 22.0 | 21. 9.8 | 11.7 | 26.5] 72 
131 3 | 71.5 | 69.0 | 5.19 | 46.6 | 24.1] 19.7 | 9.4] 18.8] 31.0} 85 
132 3 | 45.0 | 48.0 | 4.09 | 36.7 | 16.4| 13.5] 8.1] 9.0 | 23.9| 76 
133 3 | 60.0 | 62.0 | 5.13 | 46.0 | 21.6 | 17.7 | 9.3 | 12.3 | 28.3| 75 
Soy bean ration 2 9 
134 2 | 69.0 | 81.0 | 8.13 | 74.7 | 30.0 | 14.7| 9.0] 16.1 | 55.1 | 80 
135 2 | 52.5 | 60.5 | 5.81 | 53.4 | 21.6 11.8 | 12.6) 8.7 | 40.5 | 76 
136a| 2 | 76.0 | 72.0 | 4.60 | 42.3 | 27.8 | 16.8 | 13.0 | 15.2 | 25.8 | (67)* 
134 3 | 81.0 | 75.5 | 4.78 | 43.9 | 26.0 | 11.8 | 5.5 | 15.7 | 27.3 | (73)* 
135 3 | 60.5 | 56.0 | 3.54 | 32.5 | 23.5] 7.4] 8.6 | 15.2 | (50)* 
136a} 3 | 72.0 | 71.5 | 3.97 | 36.5 | 32.2 | 14.1 | 11.2 | 14.7 | 16.1 | (48)* 
Corn ration 3 
137 2 | 47.5 | 45.0 | 3.97 | 38.0 | 18.6 | 13.5 | 7.2] 8.1] 21.2] 67 
138 2 | 63.0 | 71.5 | 6.55 | 62.7 | 28.3 | 16.5 | 12.8 | 13.0 | 48.7 | 74 
139 2 | 50.5 | 51.5 | 5.19 | 49.7 | 22.3 | 16.2 | 11.8 | 10.7 | 33.7 | 74 
137 3 | 45.0 | 49.5 | 4.33 | 41.4] 21.1] 11.0] 7.8] 8.2 | 25.3] 66 
138 3 | 71.5 | 77.5 | 6.77 | 64.7 | 27.8 | 18.5 | 13.6 | 13.9 | 45.9 | 77 
139 3 | 51.5 | 54.0 | 5.17 | 49.5 | 23.0 | 14.7 | 11.8 | 10.7 | 34.3 | 74 


* These values are not included in the average because the food intake of 
these periods was obviously inadequate to cover the energy requirements. 


36.8 mgm. of coconut nitrogen absorbed, only 36.8 — 10.3 = 
26.5 mgm., or 81 per cent, is retained for maintenance and 
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growth. This percentage is taken as a measure of the biological 
value of coconut protein at this level of intake for this particular 
rat and period. It is to be noted especially that the values in 
column f are not equal to the nitrogen balance as ordinarily 
computed. 

The experimental data for coconut meal and for corn are 
satisfactory, since the rations were in general consumed in suffi- 
cient amounts to maintain weight. The average utilization of 
the coconut meal protein was 77 per cent and of corn 72 per cent. 
The individual values, however, were not sufficiently consistent 
to warrant the conclusion that the proteins of the coconut are 
of higher biological value than the proteins of corn. 

The results with the soy bean ration were unsatisfactory except 
for two periods, i.e., period 2 for rats 134 and 135. In all other 
periods the food intake was obviously insufficient and low utiliza- 
tion of the nitrogen could not be attributed only to the chemical 
characteristics of the protein. The percentages obtained for 
the two exceptional periods were 80 and 76, averaging 78. 

There are no grounds for believing, therefore, that these three 
types of food protein have distinctly different values in nutrition 
aside from differences in digestibility, when fed at this low level. 


RESULTS WITH MEDIUM PROTEIN RATIONS 


In most of our metabolism experiments on rats we have been 
able to get more concordant results and hence more satisfactory 
results with rations containing approximately 10 per cent of 
protein than with our 5 per cent rations, mainly because such 
rations are consumed in larger quantities and keep the rats in 
better condition. This level of protein intake is, however, not 
high enough to support maximum growth, at least when the 
protein is of vegetable origin, so that the results of the nitrogen 
balance studies will not be vitiated by the consumption of pro- 
tein in amounts above the body’s requirements, and by the utiliza- 
tion of protein primarily for energy production. 

In table 4 are included the results of balance studies on the 
proteins of coconut meal, soy beans, and corn fed in rations con- 
taining approximately 10 per cent of protein. With the excep- 


: 
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TABLE 4 
The utilization of the proteins of coconut meal, soy bean, and rice bran fed at a 
level of 10 per cent 
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(a) (b) (c) (d) (e) 
RAT PERIOD INITIAL | FINAL PEED DAILY DAILY ENDOG- 
NUMBER WEIGHT|WE!GHT| CON- im URI- | FECAL N ENOUS N OF AB- 
sumep | TAN N IN N RE- | SORBED 
os FECES TAINED N 
Coconut meal ration 4 
grams | grams | grams | mgm. | mgm. | mam. | mgm. | mgm mgm. | per cent 
131 4 71.5} 78.0) 6.36) 108.4) 50.3 | 42.0 | 12.6 | 19.7 | 48.4] 61 
132 4 50.5; 50.0) 4.74) 80.8) 37.4 | 33.9| 9.3 | 9.7 | 28.5] 51 
133 4 64.0} 70.0) 5.79) 98.7) 48.1 | 38.3 | 10.5 | 18.9 | 41.7 | 59 
131 5 78.0} $83.0) 7.31) 124.6) 55.0 | 51.1 | 15.6 | 20.4 | 54.5] 61 
132 5 50.0} 55.0) 4.74) 80.8) 35.0 | 32.0 | 9.3 | 10.2 | 33.3] 57 
133 5 70.0| 72.5) 5.95) 101.4) 44.9 39.6 | 10.8 | 14.7 | 42.4] 58 
Soy bean ration 5 
134 4 80.5} 95.5} 7.59) 182.3) 56.2 | 22.5 | 9.2] 16.4] 79.2 | 67 
135 4 60.5) 69.5) 100.0) 44.8 | 18.2 | 11.5 | 9.0 | 57.5 | 62 
136a 4 72.0} 69.0) 3.49} 60.8} 46.8 | 19.5) 9.9 | 14.5 | 18.9 | (87) 
134 5 95.5} 109.0} 8.07) 140.6) 62.8 | 21.3 | 10.1 | 17.6 | 84.2 | 65 
135 5 69.5} 83.0) 7.20) 125.5) 54.0 | 22.5 | 18.9 | 10.0 | 72.9 | 62 
136a 5 
Rice bran ration 8 
134 6 | 112.5) 180.0) 11.84) 200.6) 66.5 | 81.8 | 16.1 | 19.2 | 87.6) 65 
135 6 91.5} 105.0) 11.18} 189.4) 61.5 | 80.6 | 20.7 | 12.1 | 80.1 62 
136b 6 | 137.5) 150.0) 12.57) 212.9) 71.7 | 98.4 | 34.6 | 19.9 | 90.3 | 65 
134 7 | 180.0) 146.5) 12.50) 211.7) 59.1 | 93.5 | 17.0 | 19.9 | 95.9) 71 
135 7 | 105.0} 126.0) 13.02) 220.6) 59.1 | 94.7 | 23.0 | 18.4 |103.2 | 70 
136b 7 150.0} 166.0) 13.34) 226.0) 65.6 |108.7 | 36.8 | 21.8 |110.3.| 72 


tion of the one period for rat 136a on the soy bean ration, the 
results of all periods were satisfactory. For coconut meal, the 
results for the six balance periods were remarkably concordant, 
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TABLE 5 


The utilization of the proteins of corn, coconut meal, soy bean and rice bran fed in 
various combinations at a level of 10 per cent 


} | | 

DAILY | 

INITIAL | FINAL | FEED | DAILY a | DAILY po | ENDOG- 

WEIGHT, WEIGHT, CON- |INTAKE | recat | BOLIC | enous | OF AB- 
| | NARY | NIN 

| SUMED | oF N | N 


| | 


(a) (b) (ec) (d) | (e) 


RA } 
numper PERIOD 


Corn plus soy bean ration 6 


grams | grams | grams | mgm. | mgm. | mgm. | mgm. | mgm. | mgm. | per cent 


137 4 53.0} 65.0} 6.29) 112.1) 45.2 | 16.3 | 11.4 | 10.3 | 72.3 | 67 
138 4 82.0) 93.5) 7.81) 139.2) 59.7 | 29.4 | 15.7 | 15.5 | 81.3 | 65 
139, 4 59.0) 64.5) 5.75) 102.5) 44.7 | 24.7 | 13.1 | 12.1 | 58.3] 64 


5 65.0) 74.0) 7.31 130.31 50.7 74. 
138 5 93.5) 101.0) 6.95 123.8) 51.8 | 29.4 | 14.0 | 16.3 | 72.9| 67 
139 5 64.5) 70.0) 5.67) 101.0) 48.6 | 25.8 | 12.9 | 12.7 | 57.2 | 65 


— 
bo 
to 
_ 
rs 


131 6 85.0| 104.0} 9.55| 168.8] 82.8 | 47.7 | 22.0 | 24.0 | 84.3) 59 
132 6 60.0} 66.0) 5.94) 105.0) 52.4 | 31.2 : 
133 6 75.5) 87.0) 7.67) 135.6) 65.2 | 36.8 | 14.0 | 18.0 | 65.6 | 58 


137 6 72.5) 90.0) 8.94) 150.8) 51.5 | 61.6 | 16.2) 14.1 | 68.0! 65 
138 | 6 | 101.5) 115.0} 9.35) 157.7) 62.1 | 60.0 | 18.8 | 71.7 | 62 
139 | 6 | 73.0} 80.0) 8.26) 139.3) 49.9 | 71.0 | 18.8 | 13.9] 51.1] 59 


the average utilization coefficient being 58. For the four soy- 
bean periods, the results agreed fairly well, averaging 64, all 
percentages being above 60. For the rice bran ration, the first 


Coconut meal plus corn ration 7 
131 7 | 104.0) 108.0 8.30] 146.7| 73.7 | 46.2 | 20.4 | 26.3 | 73.5| 61 
132 7 66.0} 71.5 —~ 108.0} 51.5 | 34.3 | 12.0 | 13.4 | 47.6 | 56 
133 7 87.0) 95.0) 7.32) 129.4) 59.8 | 41.0 | 13.3 | 20.2 | 62.1) 61 
| Rice bran plus coconut meal ration 9 
137 | 7 90.0} 96.0} 9.02) 152.2} 46.8 | 75.7 | 16.3 | 16.2 | 62.2| 67 
138 7 115.0} 130.0} 11.41) 192.5) 66.9 | 84.9 | 22.9 | 18.4 | 82.0] 63 
139 | 7 80.0} 89.0) 8.99) 151.7) 54.1 | 73.8 | 20.5 | 14.8 | 59.1 60 
! 
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three periods (6) agreed well among themselves, but the next 
three periods (7) were all distinctly higher than the first three. 
The average for all six periods was 67 per cent. 

From these results it would seem that the proteins of coconut 
meal are slightly but distinctly less efficient than the proteins 
of soy beans for structural purposes in the body of the rat. A 
distinct difference between soy bean proteins and rice bran pro- 
teins is not so clear, though our results do favor the latter. 

In table 5 are given data obtained on rations containing pro- 
teins from two sources, approximately half of the protein coming 
from each of the constituent foods. The total protein content 
of these rations closely approximated 10 per cent. In other 
tests in this laboratory we have shown that corn protein alone, 
fed at this level, has a biological value somewhere between 50 
and 60, in most tests approximating to 60. In table 5 it will 
be seen that a mixture of proteins from coconut meal and corn 
has a value of 58 on the average, so that no supplementary effect 
of the proteins of these two feeds appears to exist. Soy bean 
and corn proteins have an average value of 66. This may indi- 
cate a slight supplementing effect of one source of protein on 
the other, though the data are too few to permit a definite state- 
ment to this effect. Rice bran and coconut meal proteins, 
mixed in equal proportions, have an average value of 63, exactly 
midway between the average values of the unmixed proteins, 
i.e., 58 for coconut meal and 67 for rice bran. In this case, 
therefore, there is no reason to suspect any supplementary effect, 
that is, an improvement in the quality of the proteins of one feed 
by mixture with the proteins of another feed. 

These tests on mixed rations are in line with the genera! ex- 
perience of this and other laboratories, that vegetable proteins 
do not exhibit striking supplementary effects on one another. 
It is only when animal proteins are mixed with vegetable proteins 
that such effects are to be expected. 


THE NET PROTEIN VALUES OF FEEDS 


By the combined use of average percentages of total protein 
in feeds, average digestion coefficients, measuring the wastage 
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of protein in digestion, and average biological values, measuring 
the wastage of protein in metabolism, it is possible to compute 
what might well be termed the ‘‘net protein” content of feeds. 
Such computations are illustrated by the values given in table 6. 
The percentages of digestible protein are taken from Henry and 
Morrison’s tables for ruminants, and the biological values of the 
proteins are taken from this investigation and that of Nevens 
previously referred to, with the exception of the value for corn 
which is the average of a large number of trials with rations 
containing approximately 10 per cent of protein. 


TABLE 6 
CONTENT or | BIOLOGICAL 
FEED DIGESTIBLE VALUE OF CONTENT OF 
PROTEIN Seer NET PROTEIN 
per cent per cent per cent 
10.6 62 6.6 


The use of net protein values may be illustrated as follows: 
A 1000 pound cow requires for maintenance, say 0.5 pound of 
protein per day. She produces daily 30 pounds of milk containing 
3 per cent of protein, or 0.9 pound of milk protein. Her daily 
protein requirement therefore is 1.4 pound. Now alfalfa hay 
contains 6.6 pounds of net protein per 100 pounds. Therefore, 
(1.4 + 6.6) x 100 = 21.2 pound of alfalfa hay daily would be 
required to keep her in nitrogen equilibrium. If enough of a 
grain mixture containing 3 parts corn, 1 part rice bran, and 1 
part cottonseed meal, is to be fed to cover the protein require- 
ments of milk production, the calculation would be: 


0.9 + }(3 X 4.3 + 5.3 + 24.4) + 5{ X 100 = 10.6 pounds 


Such calculations assume, of course, that no considerable 
supplementing effect of the proteins of one feed upon those of 
another occurs, and that the biological values of digestible pro- 
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tein obtained with rats have a wide applicability to other species 
of animals and to other physiological functions than growth 
and maintenance. The first assumption is probably perfectly 
justified. Whatever slight supplementary effect may occur 
would enhance the value of the protein and hence the calculation 
would give results slightly higher than the actual requirement. 
The estimated allowance of feed would therefore always be a 
safe one if this were the only possible error involved. 

The second assumption is, of course, open to considerable 
question. As far as differences between species are concerned 
we have recalculated some nitrogen balance results published 
at Wisconsin on pigs and have obtained biological values for 
corn ranging from 48 to 60, quite analogous to those we have 
obtained with rats, and biological values for the mixed proteins 
of milk of 80 to 85, again checking closely our values with rats. 
We know of no data on other species sufficiently complete to 
permit of comparison with our data on rats. That the value of 
a food protein in the elaboration of the proteins of milk may be 
significantly different from its value in maintenance and growth 
seems probable, though until information on the former point 
is available, a calculation such as that given above may be con- 
sidered a good first approximation to the truth. More confi- 
dence, of course, can be felt in such computations applied to 
maintenance and growth requirements, than to milk require- 
ments. 

For example, according to Armsby a dairy calf one year old 
and weighing 400 pounds requires daily 0.24 pound of digestible 
protein for maintenance and when gaining at a maximum rate 
puts on 0.14 pound of protein daily. The former figure is 
probably somewhat high as a measure of the break-down of body 
tissues per day. It is certainly a safe estimate of the need for 
protein for maintenance. Taking it in this sense, we may say 
that the total protein requirement of the calf is 0.38 pound per 
day. If the calf is raised on alfalfa hay, it will require per day 
0.38 + 0.66 = 5.76 pounds to provide the required amount of 
protein. Since a calf of that size and age will require some 15 
pounds of alfalfa hay to cover its energy requirements, according 
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to Armsby’s growth standard, the consumption of this much hay 
will evidently provide ample protein for growth. In fact, half 
the hay could be replaced by an amount of corn equivalent to 
it in net energy (i.e., 3 pounds) without fear of restricting 
growth by an insufficient supply of protein. 


EFFECT OF AUTOCLAVING ON VITAMIN CONTENT IN 
MILK 


E. J. SLANETZ 
Dairy Husbandry Department, Connecticut Agricultural College, Storrs, Connecticut 
Received for publication February 6, 1923 


Whether or not the vitamin of milk are destroyed by pas- 
teurization or sterilization has been the subject of much debate 
during recent years. Inasmuch as milk is a perfect food, con- 
taining all the nutriments required by a growing body in proper 
proportion and in palatable and digestible form, its vitamin con- 
tent deserves special consideration. 

Feeding experiments were carried on to determine how the 
fat-soluble A vitamin and the water-soluble B are affected by 
heating. The C vitamin, or the antiscorbutic vitamin, is not 
necessary for the growth of the animals (mice) used in the experi- 
ments as this vitamin is synthesized by them. 

Milk was autoclaved at ten pounds pressure for fifteen minutes 
and fed to growing mice which had been fed for a period of about 
fifteen days on a diet devoid of vitamins, but complete in respect 
to protein, carbohydrates, fats and minerals. 

Suzuki and his coworkers in their feeding experiments found 
that mice fed on a vitamin free diet died in ten to fifteen days.' 
In Sherman and Smith’s book “The Vitamins,’ Drummond 
states, “The length of time that an animal is able to maintain 
itself on a diet deficient in B without suffering serious loss of 
body weight appeared to be directly proportional to the age, at 
which the restriction is imposed”’ (p. 44). 

In case of the A vitamin the animal may cease to grow, or 
continue slowly or may continue for a longer or shorter period 
depending upon the store of vitamin A in the body of the animal 
at the beginning of the experiment and the food consumption of 
the animal.” 

1 Sherman and Smith, ‘‘The Vitamins,”’ p. 27. 

2 However, the age of the animal is also worthy of consideration. 
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The results on graph 1 show that on the addition of milk two 
17 gram animals put on 4 grams each in a five-day period. 
Evidently the heating of milk at 10 pounds pressure for fifteen 
minutes does not destroy to any appreciable extent the B vitamin 
content. A vitamin was supplied in the basal diet. 


Graph 
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Basal diet (lacking in B vitamin) 
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Another experiment was conducted using milk heated at 15 
pounds pressure for fifteen minutes. Here again the graph 2 
shows remarkable growth upon the administration of milk after 
a decline in weight for a period of twenty-five days on a basal 
diet as described above. 
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Bacillus subtilis (hay bacillus), its source and habitat being 
hay, straw, soil, dust, milk, etc., was fed to mice in the diet 
described above to determine its toxicity. At ten days the coats 
of the animals were shabby, but they slowly gained weight up to 
twenty days and then dropped. Upon the addition of autoclaved 
milk at 15 pounds pressure for fifteen minutes, a sudden gain 
occurred. The animals gained from 20, 18.5, and 16 grams, 
to 26, 23.5, and 22 grams respectively in a five-day period (graph3). 


In another experiment the following basal diet was fed to mice. 


per cent 
Rolled oats (treated to remove any traces of vitamin A).......... 40.0 
Casein (also treated to remove A)...............ceecececececeeees 5.0 


Grams Graph TE 
Lé 
\ 
; This diet lacks in A vitamin. 
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The animals begain to show signs of xerophthalmia (eye disease) 
at about sixteen days and loss of weight. However upon the 
addition of autoclaved milk three to five grams were gained by 
each animal in a five-day period (graph 4). 


Grapes Graph 


hs 
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An abundant growing soil organism was fed to younger mice in 
a basal diet lacking in B vitamin. Here the toxic properties of 
the organisms were marked, since it took five days to recover when 
autoclaved milk was added and this was followed by a gain in 
weight (graph 5). 
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CONCLUSIONS 


The fat-soluble A and water-soluble B of milk autoclaved at 
10 pounds pressure, and 15 pounds pressure for 15 minutes are not 
affected to any appreciable extent when fed as a source of vitamin. 
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THE OPTIMUM QUANTITY OF SKIMMILK FOR 
CALF FEEDING 


T. E. WOODWARD 
Uniled States Dairy Division Experiment Station, Beltsville, Maryland 
Received for publication November 27, 1922 


The experiment on calf feeding reported below was conducted 
at the Dairy Division Experiment Farm, Beltsville, Maryland, 
and had for its object, first to find out the quantity of skimmilk 
which would give the best results as regards gains in weight and 
economy of gains; second to find out if feeding large quantities 
would cause scours. 

There were four calves in each group, balanced as nearly as 
possible with reference to breed and body weight at birth. One 
group was given a daily ration, at the rate of + of the body weight, 
the quantity being regulated by body weights taken every ten 
days. Two other groups were fed at the rate of 4 and 3 of their 
body weights and the fourth group was given all the milk the 
calves would drink, twice a day. Each calf received its mother’s 
milk until it was ten days old. The change to skimmilk was 
then made gradually and at the age of fifteen days the calf was 
on an entire skimmilk ration. The experiment ran for seventy 
days. The average of the weights for three consecutive days 
at the end of the seventy days was taken as the final weight. 
The results are given in tabular form on following page. 

The gains increased with the quantity of milk fed, the calves 
receiving all they would drink, making at least 50 per cent 
larger gains than those receiving milk at the rate of + of their 
body weight. To do this they drank about 80 per cent more 
skimmilk. As a result the milk required per one pound of gain 
was greater with the heavily fed calves, although it will be 
observed that the results are not entirely consistent in this 
respect. Apparently the calves which received all the milk 
they would drink made gains more economically than those fed 
at the rate of } of the body weight. 

Satisfactory gains were made by feeding skimmilk at the rate 
of + of the body weight. Whether or not more than this is to be 
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Gains in weight made by calves on various quantities of skimmilk 


ALF BIRTH | FINAL TOTAL | DAILY | 

eam | | com | | 

MENT sumep | GAIN 
Fed at the rate of 4+ of body weight 

pounds | pounds pounds| pounds | pounds | pounds | pounds 

59 | Gr. Hol. 64 | 130.0) 70 | 66.0 | 0.94 | 902.0) 12.89 | 13.7 

213 | P. B. Hol. 98 | 182. 70 | 84.0} 1.20} 1266.0) 18.09 15.1 

67 | Gr. Hol. 56 | 129.5) 70 | 73.5 1.05 | 859.5) 12.28 11.7 

70 | Gr. Guer 63 | 107.0] 70 | 44.0; 0.63| 757.7| 10.82| 17.2 

Average.......... 70.2) 137.1 66.9 | 0.95 | 946.3] 13.52] 14.2 
Fed at the rate of } of body weight 

57 | Gr. Guer 68 | 141. 70 73. 1.04 | 1142.0) 16.31 | 15.6 

60 | Gr. Guer 62 | 138.0) 70 76.0} 1.09 | 1046.0} 14.94 13.8 

64 | Gr. Hol. 85 | 164.0) 70 79.0} 1.13 | 1805.0) 18.64 16.5 

215 | P. B. Hol. 85 | 161.0} 70 76.0} 1.09 | 1264.9) 18.07 | 16.6 

75.0) 151.0 76.0} 1.09 | 1189.5} 16.99 | 15.7 
Fed at the rate of of body weight 

58 | Gr. Guer. 58 | 149.0) 70 91.0) 1.30 | 1279.0) 18.27 14.1 

118 | P. B. Guer. 77 | 147.0} 70 70. 1.00 | 1472.0} 21.03 | 21.0 

j 63 | Gr. Hol. 70 | 185. 70 | 115. 1.64 | 1659.5) 23.71 | 14.4 

214 | P. B. Hol. 83 | 161.0} 70 78.0} 1.11 | 1457.2) 20.82 | 18.7 

72.0) 160. 88.5| 1.26 | 1466.9} 20.96 | 16.6 
Fed all they would consume twice daily 

18 | Gr. Hol. 89 | 221.0} 70 | 132.0} 1.89 | 1973.0) 29.19} 14.9 

106 | P. B. Guer 84 | 200.0} 70 116.0} 1.66 | 1298.0; 27.11 16.4 

110 | P. B. Guer 68 | 163. 70 95.0} 1.36 | 1539.0} 21.99 | 16.2 

68 | Gr. Guer. 57 | 129. 70 72. 1.03 | 1372.0} 19.60 | 19.1 

0600 74.5) 178.2} 103.7] 1.48 | 1695.5} 24.22 | 16.3 


given will depend upon the rate of growth desired and upon the 
quantity of skimmilk available. Rather than throw away the 
skimmilk it would be better to feed it to the calves even if the 
larger quantities are not utilized so economically. 

No bad results from heavy feeding were noticed, although 
all of the calves in group four, except no. 68, drank at times more 
than 40 pounds of skimmilk a day. This would indicate that 


—— 


overfeeding in itself is not a common cause of scours. 


AN EXPERIMENT MANGER 


ANDREW C. McCANDLISH anp FORDYCE ELY 
Dairy Husbandry Section, Iowa Agricultural Experiment Station, Ames, Iowa 
Received for publication July 25, 1922 


One of the difficulties in conducting feeding or digestion trials 
with cows is in having a suitable manger. For these purposes 
the manger should prevent wastage of feed due to the cows 
throwing it over the top of the manger in front of them or drawing 
it towards them among the bedding. In addition, cows should 
be prevented from stealing feed from each other. 

A manger which has been in use in the Dairy Husbandry 
Section of the Iowa Agricultural Experiment Station for the last 
four years has been found very satisfactory. Sections of it are 
shown in figure 1. 


Comerete Sill. 
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It is constructed of galvanized iron with one-inch angle iron for 
joining the ends to the main body and the flange turned up in 
front is supported with l-inch strap iron. On the stanchion 
post at each end of the mangor there are two hooks. Each hook 
and its attachment consists of two pieces of 2-inch strap iron 
which are bolted around the stanchion post and the end of one of 
the pieces in each pair is extended and formed into a hook. Eyes 
to correspond are on the manger ends. The inner edge is level 
with the top of the 6-inch concrete sill in which the stanchion 
posts are set, and the concrete sill aids in the prevention of feed 
being wasted among the bedding. 

All corners in the mangers except where angle iron is used are 
rounded and this tends to keep the mangers clean. From the 
base of the sill to the front of the manger at the base is 14 inches. 
From there the front slopes upward at an angle of 45 degrees and 
then curves round more rapidly and the top of the manger extends 
inwards for 9 inches. 

The length of the mangers in use is 40 inches but they can be 
made of any length to suit the distance between the stanchion 


posts. 
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BOOK REVIEW 


The Technical Control of Dairy Products by Timothy Mojonnier and 
Hugh Charles Troy is a real attempt to assemble an extensive treatise 
on the testing, analyzing and standardizing of dairy products and the 
manufacture of ice cream, condensed and evaporated milks. Beginning 
with a description of the dairy plant laboratory and its equipment a 
detailed technical discussion of the average composition of milk and the 
nature of milk constituents is presented in the form of an introduction 
into the field of dairy manufacturing. 

In subsequent six chapters are given precise directions and pointed 
precautions in regards to sampling and testing various dairy products for 
butterfat and total solids. A brief history of the various tests for 
butterfat is related and emphasis is made regarding the Mojonnier 
butterfat test or the modified Rése-Gottlieb method as employed in 
connection with the Mojonnier Tester. 

Several methods of standardizing milk, cream and condensed milks 
for butterfat and solids not fat plus detailed calculations for condensed 
milks are illustrated by formulas of typical problems and by the aid of 
extensive tables. 

A special chapter is devoted to the composition and standardization 
of ice cream mixes and is supplemented by a set of problems and pains- 
taking compiled tables to facilitate computations involved in the 
standardization of the ice cream batch. 

Under Chapter XV entitled “The Overrun in Ice Cream” various 
factors influencing the same through the different processes employed 
in ice cream manufacturing are discussed in the light of facts learned in 
different experiments on ice cream making. 

A very instructive chapter on dairy bacteriology with explanations of 
“starters” and their uses in dairy products offers material which has 
never before been brought in such compact and practical shape. A 
chapter on dairy chemistry covering the most practical chemical analyses 
of constituents employed in dairy manufacturing is very comprehensive 
and can be highly recommended as a reliable reference to students 
in dairying. 

Detailed description of the vacuum pan and a simple and clear 
presentation of the manifold problems involved in the processes of con- 
densing milk and methods of sterilizing evaporated milk is a prominent 
feature of this treatise. 
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Essentials pertaining to milk inspection and scoring of various dairy 
products followed by definitions and standards for dairy and related 
products are conspicuously displayed. 

The last Chapter XXII gives diagrammatic illustrations of flow sheets 
of various phases of dairy manufacturing; indicates temperatures for 
holding, processing, and storing dairy products; it also gives a dis- 
cussion relating the properties of metals and alloys and their effects on 
milk. 

There are useful tables in the appendix and at the end of each chapter 
a bibliography of references is given to indicate the source of information 
on the various problems discussed in each chapter of the book. The 
systematic arrangement of the tables and illustrations in connection with 
a clear expression of rather technical matter makes it easily compre- 
hended by the nontechnical reader as well as the dairy expert. This 
book provides valuable information to the dairy technologist, the ice 
cream maker, the manufacturer of condensed and evaporated milks as 
well as to the creamery man and student in dairy manufacturing. It 
may be considered a werth while attempt to furnish the dairy manu- 
facturer with a reference book somewhat similar in nature to Henry’s 
“Feeds and Feeding” used by the stockman, the production man. 
BENJAMIN MASUROVSKY, 
Lincoln, Nebraska. 
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FRITZ WILHELM WOLL 


Dr. Fritz Wilhelm Woll, Professor of Animal 
Nutrition, University of California, well known as a 
writer on animal feeding and dairy subjects, died at 
Berkeley, Calif., December 6, 1922. 

Dr. Woll received his early education in Christi- 
ania, Norway, obtaining the degree of Bachelor of 
Philosophy from the Royal Fredericks University, 
Christiania, in 1883. Degrees of Master of Science 
and Doctor of Philosophy were conferred by the Uni- 
versity of Wisconsin in 1886 and 1904, respectively. 
In 1887, Dr. Woll was appointed second Assistant 
Chemist, Wisconsin Agricultural Experiment Station, 
rising to Chemist for the Station in 1897. He became 
Professor of Agricultural Chemistry, University of 
Wisconsin, in 1906, which position he held until 1913, 
when he was called to the University of California as 
Professor of Animal Nutrition, holding that chair until his death. 

Dr. Woll was the author of many works, which have been reissued in a number 
of editions; among these may be mentioned the following: 

A Book on Silage, revised edition, 1900; 

A Translation of Modern Dairy Practice (From Swedish of G. Grotenfelt) 
1894—3rd edition, 1905; 

A Handbook for Farmers and Dairymen, 1897—6th edition, 1914; 

Testing Milk and Its Products (with Professor E. H. Farrington) 1897—24th 
edition, 1918; 

Productive Feeding of Farm Animals, 1915—2nd edition, 1916—3rd edition, 
1921; and 

Feed Manual and Note Book, 1917. 

While at the Universities of California and Wisconsin Dr. Woll accomplished 
a large amount of scientific work. This is shown by the series of important and 
timely bulletins of the respective agricultural experiment stations. He was also 
an extensive contributor to technical publications and agricultural and dairy 
papers. His articles were always replete with valuable aid to dairymen and 
feeders in general. 

It is owing, primarily, to the untiring efforts of Dr. Woll that cow-testing 
associations, which proved of so much value and importance to the dairy industry 
of California, were developed and placed on a business-like and permanent basis. 

Dr. Woll was a member of many agricultural and scientific societies, including 
Wisconsin Academy of Sciences, Arts and Letters; Society for the Promotion of 
Agricultural Science; American Society for Animal Production; Association of 
Official Agricultural Chemists (president, 1909-11); American Dairy Science 
Association; Sigma XI; International Jury Panama Pacific International Expo- 
sition, 1915. 

The passing of Dr. Woll is a great loss to the University of California and to 
the animal industry of the whole country. 


M. E. Jarra. 


JOURNAL OF DAIRY SCIENCE 


A Buyer for Every Pound 


—— is an anxious buyer waiting 
for every pound of dried or semi-solid 
buttermilk that your creamery can 
produce. 

Buttermilk in that form has been 
authoritatively recognized for its value 
in stock and poultry feeding. 

Its demand has grown by leaps and 
bounds; and it will continue to grow just 
as long as stock is raised. 

A complete ‘“Buflovak”” Milk Drying 
Plant is within easy reach of any pro- 
gressive creamery. 

There are many potential dollars in 
buttermilk. Let us tell you about them; 
and how quickly they would pay for a 
“Buflovak”’ installation. 


EVAPORATORS, VACUUM PANS, VACUUM 
DRUM DRYERS, ATMOSPHERIC DRYERS 


Buffalo Foundry & Machine Co. 


1581 Fillmore Ave., Buffalo, N. Y. 


NEW YORK OFFICE: 17 BATTERY PLACE 


Your advertisement is being read in every State and in 25 Foreign Countries 
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The Flush Season 


It is unfortunate that the flush season in milk 
products is coincident with the high temperatures 
of spring and summer. 

Yet it is possible to minimize the danger of these 
high"temperatures and protect the delicate quali- 
ties of milk and milk foods by the sweet, whole- 
some, safe, sanitary cleanliness which the use of 


Wrandolle 


ald C/eanses 


is daily providing in thousands of creameries, 
dairies and cheese factories. 

The purified, sweetened, sanitarily clean, natural 
surface of your equipment is the best protection 
you can provide to the quality of your product 
and consequently to the better prices paid for 
higher quality milk foods. 

This is the service which Wyandotte Dairyman’s 
Cleaner and Cleanser has consistently given to 
the Dairy industry for twenty years. 


Indian in 
circle 


Ask your supply man 


in every TheJ.B. Ford Co., Sole Mnfrs., Wyandotte, Mich. 
package. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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DRAWINGS, ARTISTS’ WORK AND 
ENGRAVINGS FOR MEDICAL AND 
SCIENTIFIC PUBLICATIONS 


UBLISHERS and authors working in the scientific 
field will be interested in our facilities for produc- 
ing illustrations for such work. We have had years 

of experience in working in co-operation with some of 
the prominent authors and scientists of the Johns Hopkins 
University, which has developed in our organization an 
intimate knowledge of the requirements of this particular 
line of work. We offer you the services of the specialist 
in this line. Such are not available in every community, 
and as we are accustomed to working from written in- 
structions, our clientele being largely at distant points, we 
subconsciously understand the illustrative point to em- 
phasize, and have been very successful in satisfying our 
most critical patrons. 

We will gladly make estimates, submit samples, and 
co-operate in every way possible in the production of 
such work. 


BALTIMORE MARYLAND 
ENGRAVING COMPANY 


BALTIMORE, MARYLAND 


Your advertisement is being read in every State and in 25 Foreign Countries 
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THE BEsToy CALENDAR 


Complete Equipment to Handle Milk from Cow toConsumer 


for the 
BUTTERMILK BUSINESS 


Making and selling buttermilk is unquestion- 
ably a profitable enterprise. Whether you have 
tried it or not, decide now to investigate this divi- 
sion of the milk industry from an authoritative 
source. 

For if you go at it right; equip your plant prop- 
erly and adopt a definite marketing plan, profits 
await you. 

Our 16 page bulletin on Manufacturing Butter- 
milk treats the whole subject in a very complete 
~way. The index for this booklet reads: Introduc- 
tion, Manufacturing Methods, Bacillus Bulgar- 
icus, Text Books, Troubles, Advertising and Mar- 
keting Suggestions, Equip- 
ment, Costs. 

Our Dairy Service De- 
partment will send you a 
copy of this bulletin free, 
at your request. 


FRESH 
BUTTERMILK satisfactory buttermilk 


department in your plant 
whether you are now mak- 
ing it or not. Arrange- 
ments can be made 
through our salesmen or 


Cherry-Bassett-Winner Co. 
PHILADELPHIA PITTSBURGH 
BALTIMORE N. Y. CITY 


Your advertisement is being read in every State and in 25 Foreign Countries 
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A COMPLETE REFERENCE HANDBOOK 
Published, January, 1923 


ARE YOU INTERESTED IN TUBERCULOSIS ? 


If so, you will find essential information in 


Chemistry of Tuberculosis 


Wetis—De Witrr—Lone 


A THOROUGH ANALYSIS and A CRITICAL REVIEW 
of the recorded contributions on the chemistry of the tubercle 
bacillus and its products, the chemical changes and processes in 
the host, and the chemical aspects of the treatment of tuberculosis 


THIS MONOGRAPH owes its origin to the development of the systematic work 
on the chemotherapy of tuberculosis that has been carried on in the Otho S. A. 
Sprague Memorial Institute since its organization in 1911. This work at the 
Institute made it necessary to accumulate and review critically preceding and 
contemporaneous work on the chemical aspects of tuberculosis and related 
problems, a task by no means simple, since these data were so scattered in medical, 
chemical and bacteriological literature. The result of this labor has made available 
this monograph which is PUBLISHED TO FACILITATE THE STUDY OF 
THE PROBLEMS OF TUBERCULOSIS AND TO SERVE AS A COM- 
PLETE REFERENCE WORK on the chemical processes of interest to the 
student of this disease. 


THIS COMPLETE REFERENCE HANDBOOK will be of value 


to all persons interested in the study of tuberculosis or in the care of tuberculosis 
patients, since it will be possible to find in this book whatever has so far been 
learned concerning any chemical problem that may come up for consideration. 


AN ADEQUATE MONOGRAPH. 
Cloth, gold stamped 438 pages, 6 x 9 


Numerous references to the literature 


Order from your own bookseller or send your order to the Publishers 


ORDER FORM 


WILLIAMS & WILKINS COMPANY 
Mr. Royan anp GuILrorD AVENUES 
Maryuanp, U. S. A. 


Gentlemen: Kindly enter an order for one copy of Chemistry of Tuberculosis, by 
H. Gideon Wells, Lydia M. DeWitt, and Esmond R. Long. Remittance for $5.00, United 
States, Canada, Mexico, Cuba; $5.50, other countries, is enclosed to cover. (Or) 
Charge to me and render invoice. (Terms, 30 or (Orders from countries other than the 
United States and Canada must be accompanied by cash which will be refunded promptly if 
the book is returned.) 


SENT ON TEN DAYS’ APPROVAL TO RETAIL PURCHASERS IN THE UNITED STATES 
AND CANADA 


Your advertisement is being read in every State and in 25 Foreign Countries 
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AMERICAN STANDARD AUTOCLAVES 


THE TEST 


IN OUR STOCK FOR IMMEDIATE SHIPMENT 


OF SERVICE 


1667 


AMERICAN STANDARD AUTOCLAVES—Verti:al Steam Pressure Sterilizers, the most 
widely used and thoroughly satisfactory bacteriological autoclaves where moderate amounts of 
material are to be sterilized, of heavy polished opper tinned inside. Lids of heavy cast bronze, 
nickel plated, and fitted with steamtight, ground-in bevel joint, entirely obviating the use of 
washers. Each autoclave is tested and guaranteed tostand a pressure of 35 Ibs. to the square 
inch, and is provided with a reliable pressure gauge and thermometer reading in both tempera- 
ture degrees and pounds pressure, and also with a safety valve. Those listed for gas heating 
are provided with low form Bunsen burners, and those for oil heating with Khotal Kerosene Burner. 

The electrically heated autoclaves are supplied with a spiral resistance placed directly in 
the water. The usual sterilizing pressure of 15 pounds requires a current intake of 2000 watts 
for 30 minutes. Therefore these electrically heated autoclaves cannot be used on a lamp 
socket but must be connected with a main of suitable capacity. 


Height Diameter Equipment Price 


1655 


1655. Autoclave, with removable lid 12x 8 inches Gas $ 48.75 
1656. ac ae ae ae Oil 53.50 
1657. 24x = 1linches Gas 69.25 
1658. ae ae oe ‘ Oil 72.60 
1659. “ae ae Elec. 110 Vv. 109.25 
1661. Autoclave, with hinged lid 12 x 8 inches Gas 52.25 
1663. 24x llinches yas 73.00 
1664. “ee oe ae ae Oil 77.35 
1667. 26x 14inches Gas 103.25 
1668. ae ae ae Oil 107.35 
1669. “ce ce ae Elee. 110 v. 152.00 


Prices subject to change without notice 


ARTHUR H. THOMAS COMPANY 


WHOLESALE, RETAIL AND EXPORT MERCHANTS 


LABORATORY APPARATUS AND REAGENTS 


WEST WASHINGTON SQUARE PHILADELPHIA, U.S. A. 
CABLE ADDRESS, “BALANCE,” PHILADELPHIA 


Your advertisement is being read in every State and in 25 Foreign Countries 
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HERE IT IS--- 
The Book That Bacteriologists Have Been Waiting For 


BERGEY’S MANUAL 
DETERMINATIVE BACTERIOLOGY 


By The Committee on Determinative Bacteriology of the 
Society of American Bacteriologists 
Under the Chairmanship of David H. Bergey y, Laboratory of Hygiene, 
University of Pennsylvania, iladelphia, Pa. 


THE OTHER MEMBERS OF THE COMMITTEE ARE: 
Francis C. Harrison, McDonald College, P. Q., Canada 
Robert S. Breed, New York Agricultural College, Geneva, N. Y. 
Bernard W. Hammer, Iowa Agricultural College, Ames, Iowa 
Frank M. Huntoon, Glenolden, Pa. 


a Book Will Be of Valuable Assistance in Standard- 
Determinative Bacteriology Work and in Aiding 
he identifi cation of Cultures of Unknown Organisms 


OF SPECIAL INTEREST TO 
LABORATORY WORKERS engaged in practical Bacteriological work 
TEACHERS of Bacteriology and related sciences 
STUDENTS of Bacteriology in all of its phases 
MEDICAL MEN will find it very valuable in diagnostic work in determining pathogenic species 
OTHERS interested in Bacteriology. both theoretical and applied 
PUBLICATION DATE---APRIL---MAY---1923 


Special Pre-Publication Price 


PRIOR TO PUBLICATION CANADA, MEXICO, CUBA 
AFTER PUBLICATION { OTHER COUNTRIES’ MEXICO, CUBA 
PRICES ARE NET, POSTPAID 


Royalties from the sale of the Manual are credited to the Society of American 
. Bacteriologists and accumulated in a separate fund to stimulate 
further work in this field 


ON APPROVAL PRE-PUBLICATION ORDER FORM 
WILLIAMS & WILKINS COMPANY 


or Scientiric Booxs aND JOURNALS 
MOUNT ROYAL AND GUILFORD AVES., 
BALTIMORE, MARYLAND., U.S.A. 


GunTLEMEN: 
oat ond ON FIVE DAYS APPROVAL One Co} be! BERGEY’S MANUAL OF DETERMINATIVE BACTERI- 
5. ao on Classification ( is C. Harrison, Robert 8. Breed, Bernard W. M. 
=. hairman), of the Society of American Bacteriologists. If I poe book, I will remit 
promptly on ‘statement. Otherwise I will return it promptly, postage 


SPECIAL PRE-PUBLICATION PRICE 


es, Canada, Mexico, Cuba. 
all othe (Orders from outside the United States and Canada must be accompanied by remittance 
be refunded ‘mn sedlintely if the book is returned.) 
Name. 
Address M.D.B.F-1 


Your advertisement is being read in every State and in 25 Foreign Countries 
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A COMPREHENSIVE REFERENCE BOOK ON TUBERCULOSIS 
The Authorized'English Edition of 


TUBERCLE BACILLUS INFECTION 


AND 


TUBERCULOSIS IN MAN AND ANIMAL 


ALBERT CALMETTE 


Associate Director, Fasteur Institute, Paris 


Authorized Translation by 
WILLARD B. SOPER, M.D. anp GEORGE H. SMITH, Pu.D. 


Saranac Lake, N. Y. Yale Medical School 
SECOND EDITION 
One Volume. 714 pages with 31 figures, 25 color plates. Indexed. 
Everyone interested in tuberculosis should have this book at hand for constant use as a reference 


book. In the light of the present day knowledge it answers practically every question that may arise 
concerning all phases of tuberculosis work. 


CONTENTS 
PART ONE PART THREE 
The Tubercle Bacillus and Processes of Infection Processes of Defense and the Diagnosis of Tu- 
by it. berculosis Infection. 
PART TWO PART FOUR 
Experimental Tuberculosis and Tubercle Bacillus Natural Immunity and Processes of Immunization 
Infection in animals. Against Tuberculosis Infection. 


Pesredka in Bulletin de l’Institute Pasteur: ‘The plan of the work and the distribution of 
the contents are so arranged that all information sought is immediately found. In spite 
of the complexity and diversity of the subjects treated in this imposing volume, one is 
agreeably surprised at always discovering exactly the material one is seeking. ‘The in- 
formation is exact, sober, without superfluous details. 

The British Journal of Tuberculosis: In dealing with the problems of tuberculosis Cal- 
mette truly occupies first place. No one interested in tuberculosis can neglect this 
noteworthy work. 

International Journal of Fublic Health: This important work must be recognized as in- 
dispensable to all who are interested in the prevention of tuberculosis. 


PRICES 
$8.00 in the United States, Canada, Cuba, Mexico 
$8.50 in other countries 


SPECIAL PRICE on orders postmarked prior to June 15, 1923: $6.00jin the United States, Canada, 
Cuba, Mexico; $6.50 in other countries. 


Orders from overseas must be accompanied by remittance which will be returned if book is unsatisfactory. 


ORDER FORM 
WILLIAMS & WILKINS COMPANY 
Bauttmore, Mp. 

GernTLEMEN:—Kindly enter my order for copy (copies) of ““Tupercte Bacitivs INFecTion AND TUBERCU- 
Losis iN Man AND AnraL” by Albert Calmette for which I enclose $ . (Or) Charge to me and send 
invoice to cover. (Terms, 30 days.) 

NaME 
ADDRESS _ 
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For Chemists, Physicists, Biologists, and Bacteriologists 


SECOND EDITION 
Revised and Enlarged 


The Determination of Hydrogen Ions 


by 
W. Mansfield Clark, M.A., Ph.D. 


Formerly Chemist, Research Laboratories of the Dairy Division, United States 
Department of Agriculture, 
Professor of Chemistry, Hygienic Laboratory, United States Public Health Service 


This treatise on the hydrogen electrode, indicator, and supplementary 
methods of determining hydrogen ion concentrations, with an indexed bib- 
liography of two thousand references on applications, is an important con- 
tribution to the literature in this field. 


Are You Interested in 


analytical methods, in the acidity of your garden soil, in enzymes, in blood 

and the determination of acidosis, in modern methods of handling protein 

solutions, in the cultivation and study of bacteria, yeasts, molds and tissue, 

in autolysis, hydrogen ion catalyses, colloids, the digestive system, filtration, 
lant distribution, natural waters, the hydrogen ion concentration of biolog- 

ical fluids? 

If so, you will need the methods and the references found in this treatise. 


The second edition contains new material essential to those who wish to keep 
up to date in this interesting field. 


2000 References 
NUMEROUS ILLUSTRATIONS INDICATOR CHART IN COLORS 
480 Pages 
WILLIAMS & WILKINS COMPANY 
Publishers of Scientific Journals and Books 
BALTIMORE, U.S. A. 


Wauiams anp Wiikins Companr, 
Mount Royal and Guilford Avenues, 
Baltimore, U. S. A. 


Please enter an order for.......... copy(ies) of the second edition of The Determination of Hydrogen 
Ions by W. Mansfield Clark, Ph.D. Remittance for $5.00, United States, Mexico, Cuba; $5.25, Canada; 
$5.50, other countries, is enclosed to cover, (or) Remittance will be made on receipt of your statement. 


(Please state whether Dr., Prof., ete.) 
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MARSCHALL 
RENNET COLOR 


STRONG 
PURE 


DEPEND- 
ABLE 


Made in the largest and best equipped 
Rennet factory in America! 


THE MARSCHALL DAIRY LABORATORY 


MADISON. WISCONSIN 


THE DAIRY LABORATORIES 


20th and Market Streets, Philadelphia, Penna. 
CONSULTING AND ANALYTICAL CHEMISTS 
Complete Chemical and Bacteriological Anal Ee of Milk, 
Ice Cream, Dairy Products, Food, and 
Manufacturers of 
“Special colored Corrosive Sublimate Tablets for preserving 
Composite samples in Babcock fat Testing’”’ 
“Chlorine Solution to sterflize milk utensils’ 
“Sour a Testing Solution for detecting sour milk 
rapi 
“Cultures for ripening milk in making buttermilk, butter, 
sour cream, etc.” 


AUTHORITATIVE BOOKS 


The 
$5 

The Vitamine (Eddy).. 

The Vitamines (Funk) 2nd ed 

The Heart Rhythms (Lamson) 

Origin and Evolution of the Human 
Dentition (Gregory)..... 
—- Classics: The Emotions (James- 

Dictionary of Botanical Equivalents (Art- 
schwager and Smi! 

Color Chart of Indicators (Clark)............ 

Carriers in Infectious Diseases (Nichols) ... . 

The Bacteriophage—Its Réle in Immunity 
(d’Hérelle). Amer. Ed.................... 

Eugenics, Genetics and the Family.......... 

Eugenicsi. Race and State................. 

Chemistry of Tuberculosis (Wells)........... 

The Use of Job Analysis in Curriculum \ 2. 00 cloth 
Construction (Strongand Uhrbrock)... | 1.00 paper 

Bacteriology (Conn). . 4. 

Rest and Other Things (Krause). . 

——— and Resistance in Tuberculosis 


(Krause 
Tubercle Bacillus Infection and Tuberculo- 
ag Man and Animals (Calmette). Amer. 


The Amino Acids (Holm and Gortner)...... In Press 
Manual of Determinative Bacteriology (Com- 
mittee on Determinative Bacteriology of 
the Society of American Bacteriologists) In Press 


Canada, add 25 cents; other countries add 50 cents 


9° = @ 


ss 


“FLY Spray to keep flies off dairy cattle’’ 
seemed Advice and Expert Assistance 
ll Tests Confidential 
Dr. Lee H. P. me. Milk Expert 
H. C. Campsett, B.S., M.D., Chemist 
Dr. H. S. Jounson, Bacteriologist Raven Fort, Assistant 


t 
WASHINGTON, D. C. PITTSBURGH, PA. 
BALTIMORE, MD. ST. LOUIS, MO. 


WILLIAMS & WILKINS COMPANY 
Publishers of Scientific Journals and Books 
Baltimore, Maryland, U. S. A. 


Chr. Hansen’s 


LACTIC FERMENT 


has no equal in 
making butter, 
cheese, or commer- 
cial buttermilk of 
delicious flavor. It 
is a clean, vigorous 
culture, which has 
helped ‘putter and 
cheese makers win prizes everywhere. 


BULGARIAN MILK CULTURE 


YOUR ADVERTISEMENT 
WILL BE READ 


By dairymen, creamerymen, 
county agents, commercial firms, 
dairy husbandry departments 
of colleges, progressive farmers 
and breeders, ice cream manufac- 
turers, milk chemists and bacte- 
riologists throughout the United 


States 
WHEN IT APPEARS IN is an active starter for the preparation 
| of Bulgarian Milk or Yoghurt. Ordi- 
| THE JOURNAL OF DAIRY SCIENCE nary buttermilk mixed after cooling 


with an equal amount of Bulgarian milk 
For information is improved in flavor and will not whey 
Apply to off so easily. 


Write for literavure. 


Chr. Hansen’s Laboratory, Inc., 
Little Falls, N. Y. 


Western Branch—M ilwaukee, Wis. 


THE JouRNAL oF Datry ScrENCE 
Mt. Royal and Guilford Aves. 
Baltimore, Maryland 


Your advertisement is being read in every State and.in.25 Foreign Countries ae 
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to, Minn., where A. L. Radke made 
Class at the 1922 National Dairy Show 


De Laval Separators in the plant of Plato Dairy Association, Pla’ 
; the butter which won first prize in the Fresh Creamery 


Quality is helping to increase the — 
consumption of dairy products |} 


Clean milk is the basis of all good 
dairy products. John Blickenstorfer, 
of Gratiot, Minn., whose Swiss cheese 
wen first prize at the 1922 National 
Dairy Show, says that the best milk 
he receives is that brought in by 
Frank Ganshert—a De Laval Milker 
user. It is almost impossible to pro- 
duce in any other way milk so clean 
as that produced with the De Laval 
Milker. 


Even milk so carefully produced 
can be spoiled for buttermaking by 
the use of an unsanitary separator 
or one which breaks up the butter-fat 
globules. It didn’t just happen that 
all four prize-winners in the cream- 
ery butter classes at last year’s Dairy 


Show are users of De Laval Separa- 
tors. Without these machines it 
would have been alm ost impossible 
for them to produce butter of such 
high quality. 


The largest and most successful 
distributors of whole milk realize the 
importance of the De Laval Milk 
Clarifier in removing sediment from 
their product and making it more de- 
sirable from the customer’s view- 
point. 


Here are three ways in which De 
Laval machines are working to in- 
crease the profits of many concerns 
producing or distributing dairy prod- 
ucts. Are they working for you? 


The De Laval Separator Company 


NEW YORK CHICAGO SAN FRANCISCO 
165 Broadway Madison 61 Beale Street 


De Laval: 


| Gentlemen: Please send catalogue giving infor- 
; mation regarding the new De Laval Separator. 
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Your Trouble Eliminated At Last 


As the result of many years \persist- 
ent experimenting we are now in a 
position to offer to the Creamery Trade 


Wagner's Precision Test Bottles 
WITH PERMANENT BLACK. 
ETCHED GRADUATION 


which we guarantee to withstand acids 
or the strongest alkali solution com- 
monly used in cleaning test bottles. 
We guarantee this graduation never 
decolorize. It enables you to read 
your test correctly at all times; saves 
your eyesight; you need not be troubled 
any longer with disappearing invisible 


“Your Bottles With Pér- 
manent Black Etched Gradu- 


Owing to the unusually. strong de- 
mand, our manufact resourees 


WAGNER GLASS WORKS, 695-697 E. New York. U.S.A. 


Inventors and: of Scientfié Glassware ancl and iia 


. 
ct 
graduations, a most important feature ' 
which is highly appreciated by: all 
v= users. Some of the testimonials re- i ae 
= 
= ation Are Worth Their Weight 
= 
are already t to the limit. 
5 therefore, ask you to place your orders ac me 
Ask for our illustrated catalog. for 
= testing milk and its products. at 
a 
ESTABLISHED 1887 \ 
— 


THE STANDARD FOR NEARLY FORTY YEARS 


Paterson Vesetable Parchment 
Nearest to Perfection 


Nearly forty years ago we were making Vegetable Parchment. 


_ One does not specialize for nearly forty years without 


The Paterson Parchment rae Co. 


Passaic, New Jersey: 


BACTO-COOLEDGE BROTH | DEHYDRATED: | 
FOR 
“A RAPID AND ACCURATE ESTIMATION. OF THE 
KEEPING QUALITY OF MILK” 


(SEE BULLETIN #70) 

BACTERIOLOGICAL REAGENTS “DIFCO-STANDARDIZED”’ 
Recommended for use in the Bacteriological Analysis of Dairy Products 
Bacto Peptone Bacto Agar Bacto Dextrose 
Bacto Beef Bacto Gelatin Bacto Lactose 
Beef Extract—Bacteriological 


DEHYDRATED CULTURE MEDIA ‘“‘DIFCO-STANDARDIZED”’ 


The principal Formulee of the A. P. H. A. ‘“‘Standard Methods’ 
Bacto Nutrient Agar Bacto Nutrient Broth 
Bacto Lactose Broth | 


Specify “DIFCO” 


THE TRADE NAME OF THE PIONEERS" 2 
In the research and production of Bacto-Peptone and Dehydrated Guiture Media. ‘ 


‘DIGESTIVE FERMENTS COMPANY | 
DETROIT, MICHIGAN, U.S.A. 
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